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EXECUTIVE SUMMARY 

Background and Objectives -The Partnership for a New Generation Vehicle (PNGV) 
has identified the compression-ignition, direct-injection (CIDI) diesel engine as a 
promising technology in meeting the PNGV goal of an 80-mpg, production-prototype, 
mid-sized sedan by 2004. Challenges remain in reducing emissions levels of the CIDI 
engine to meet future emissions standards. Techniques under consideration for emissions 
control include improved combustion processes, after-treatment devices, and alternative 
fuels. The objective of this program was to perform an initial screening of several 
reformulated and alternative diesel fuels to obtain information on their potential for 
emissions reduction in a CIDI engine. 

Technical Approach -The Department of Energy initiated this testing to determine the 
emissions impact from various fuel blends in a CIDI engine. The emissions testing was 
performed utilizing a Daimler-Benz model OM 611 diesel engine. This engine is a 2.2L, 
direct-injection diesel equipped with a high-pressure, common-rail injection system. The 
OM 611 also has variable EGR, is turbocharged with intercooling, and has variable 
intake swirl capability. No adjustments were made to the engine operating parameters to 
account for variations in the fuel properties. 

Seven fuels were included in the test program. A 2D EPA certification diesel served as 
the baseline for comparison of the remaining six fuels. The reformulated/alternative fuels 
included: "pseudo-California Certification fuel (CARB); Low-Sulfur Low-Aromatics 
diesel (LS); Neat Fischer-Tropsch synthetic diesel (FT100); Twenty-percent blend of 
biodiesel in fuel LS (B20); Twenty-percent blend of Fischer-Tropsch in fuel LS (FT20): 
Fifteen-percent blend of Methylal (DMM) in fuel LS (DMM15). 

The test sequence consisted of 13 steady-state speed and load points. The 13 points are 
not related to the standard, EPA 13-mode test for heavy-duty engines. The test sequence 
was repeated three times for each fuel in a randomized test matrix. For each test mode, 
emissions of total paniculate matter (PM), oxides of nitrogen (NOx), carbon monoxide 
(CO), total hydrocarbons (HC) and fuel consumption were measured. A particulate size 
distribution was determined for each fuel during one of the triplicate 13-mode tests. The 
data are engine-out emissions only, and the exhaust after-treatment system was 
disconnected. 

Results -All six alternative fuels showed a reduction in PM emissions compared to 2D, 
with no statistically significant increases in NOx emissions. For an equally weighted 
average of the 13 test modes, the DMM 15 blend produced a 52-percent reduction in 
particulates when compared to the 2D baseline fuel. Fuel FT100 reduced PM emissions 
by 37 percent, with B20 showing a 32-percent reduction. Several of the alternative fuels 
significantly reduced HC emissions at the low-speed, low-load operating modes. Average 
reduction in HC ranged from 24 to 50 percent of the 2D level. Carbon monoxide 
emissions were reduced across the entire operating range of the engine. For the 13-mode 
average, CO reductions ranged from 15 to 36 percent. The particulate size distribution 
measurements indicated no gross differences among the seven test fuels. 

in 



Conclusions and Recommendations -This test program has demonstrated that 
emissions levels can be reduced through the use of reformulated and alternative fuels in a 
CIDI diesel engine. Particulate matter emissions were reduced with no significant 
increase in emissions of NOx. The DMM15 blend showed the largest reduction in PM 
(52 percent) followed by the FT100 fuel (37 percent) and the B20 blend (32 percent). 
Because of the volatility of DMM, the DMM15 blend required changes to the fuel system 
to prevent the DMM from boiling out of solution. This may cause problems if this fuel is 
to be used on a wide-scale basis. The Fischer-Tropsch fuel, however, was substituted in 
the engine with no alterations and also produced a good reduction in particulate 
emissions levels. 

Based on the results of this test program, it is clear that additional work should be 
conducted in the area of alternative fuels. These results demonstrate that benefits can be 
achieved through the direct substitution of fuels in advanced diesel engines. Additional 
reductions in emissions may be possible if engine operating parameters such as injection 
timing and exhaust gas recirculation (EGR) levels can be adjusted for a specific fuel. 
Investigations of fuel system and materials compatibility will also be important along 
with the effects of alternative fuels on the performance of after-treatment devices. 

IV 



FOREWARD/ACKNOWLEDGMENTS 

This work was performed for the Department of Energy by the U.S. Army TARDEC 

Fuels and Lubricants Research Facility (TFLRF) located at Southwest Research Institute 

(SwRI), San Antonio, TX, in cooperation with the Department of Emissions Research 

(DER) at SwRI during the period October 1997 to April 1998 under Contract No. 

DAAK70-92-C-0059 for the U.S. Army TARDEC, Petroleum and Water Business Area. 

Mr. L. Villahermosa served as the TARDEC project monitor. This work was funded by 

the U.S. Department of Energy, Office of Transportation Technology (DOE/OTT). Mr. 

Jack Hale and Mr. John Garbak served as the DOE/OTT project technical monitors. 

DOE initiated this work in support of the Partnership of New Generation of Vehicles 

(PNGV). 

The authors would like to acknowledge the assistance provided by Messrs. L. Schmid, 

W. Pütz and D. Naber of Daimler-Benz (DB), Stuttgart, Germany in supplying the engine 

and technical support for this testing program. Messrs. R. Frierson, R. De La Cruz, and 

W. Shackelford of DER performed the emissions testing under the supervision of Mr. D. 

Bohl. The authors would also like to acknowledge the assistance provided by Ms. W. 

Mills in report preparation. 



VI 



TABLE OF CONTENTS 

Section Page 

I. INTRODUCTION 1 

II. OBJECTIVE 2 

III. APPROACH 3 

A. Test Fuels 3 

1. EPA 2-D Certification Diesel (2D) 6 

2. CARB Diesel (CARB) 6 

3. Low-Sulfur, Low-Aromatics Diesel (LS) 6 

4. Fischer-Tropsch, Synthetic Diesel (FT100) 6 

5. 20 % Fischer-Tropsch Blend (FT20) 7 

6. 20 % Biodiesel Blend (B20) 7 

7. 15 % DMM Blend (DMM15) 8 

B. Test Engine 9 

C. Test Set Up 10 

D. Test Procedures 10 

1. Steady-State Test Points 10 

2. Test Sequence 13 

3. Emissions Measurement 14 

IV. RESULTS AND DISCUSSION 16 

A. Engine Performance 16 

B. Statistical Analysis of Emissions Data 18 

C. Particulate Matter (PM) and Oxides of Nitrogen (NOx) Emissions 21 

D. PM Size Distribution 26 

E. Total Hydrocarbon (HC) Emissions 27 

F. Carbon Monoxide (CO) Emissions 31 

V. SUMMARY AND CONCLUSIONS 33 

VI. REFERENCES 35 

APPENDICES 

A. Average Steady-State 13-Mode Emission Test Data 

B. Individual Emission Test Data Summary Sheets 

C. Full-Load Engine Torque Raw Data Sheets 

D. Graphs of Average Emission Results for Individual Modes and Composite Mode 

E. Size-Segregated Particulate Mass emission Result for Individual Modes 

Vll 



LIST OF TABLES 

Table Page 

1 Test Fuels 3 

2 Fuel Properties 4 

3 Provisional Biodiesel specification for Pure (100%) Biodiesel 7 

4 Engine Specifications 10 

5 Steady-State Test Points 12 

6 Test Plan 13 

7 PM Percent Change from 2D Baseline 24 

8 NOx Percent change from 2D Baseline 24 

9 HC Percent change from 2D Baseline 21 

10 CO Percent change from 2D Baseline 31 

LIST OF FIGURES 

Figure Page 

1 Distillation Curves by ASTM Method D86: Neat Fuels 5 

2 Distillation Curves by ASTM Method D86: 

Blended fuels and Base LS fuel 5 

3 Upper and Lower Explosion Limits for the DMM15 Blend 

Within a Closed Container 9 

4 OM 611 Engine 11 

5 Test Points 12 

6 Micro-Orifice Uniform Deposit Impactor (MOUDI) 15 

7 Comparison of Full Load Engine Torque with Different Fuels 17 

8 Heat Exchanger Used in Fuel Return Line with DMM Blend 17 

9 Specific Fuel Consumption 19 

10 Engine Thermal Efficiency 20 

11 Normalized Particulate Emission Rates Shown as a Fraction of the 2D 

Particulate Emissions Rate 22 

12 Normalized NOx Emission Rates Shown as a Fraction of the 2D NOx 

Emissions Rate 23 

13 NOx vs. PM Emissions for Composite, 13-mode Average Alternative 

Fuels as Shown as a fraction of the 2D results 25 

viu 



LIST OF FIGURES (CONT'D) 

Figure Page 

14 NOx vs. PM Emissions for Blended Fuels in Comparison to the 

Low-Sulfur (LS) Base Fuels 26 

15 Composite size-Segregated Particle Mass Fractions 28 

16 Normalized Total Hydrocarbon Emission Rates 29 

17 Composite Hydrocarbon Emission Rates with 95-percent 

Confidence Intervals 30 

18 Normalized Carbon Monoxide Emission Rates 32 

19 Composite Carbon Monoxide Emission Rates with 95-percent 

Confidence Intervals 33 

IX 





I. INTRODUCTION 

Interest is growing in the performance and emissions benefits of advanced, 

compression-ignition, direct-injection (CIDI) engines. The Partnership for a New 

Generation of Vehicles (PNGV) is investigating the technical benefits of small, four- 

stroke, direct-injection (4SDI) compression-ignition engines. When coupled with 

alternative and/or reformulated fuels, the 4SDI engine has the potential to contribute 

significantly to the PNGV goal of developing an environmentally friendly car with 

triple the fuel efficiency of today's midsize cars [1]. New and pending emissions 

regulations around the world are also driving the interest in advanced engine 

technology and alternative fuels [2]. 

Many studies have demonstrated the emissions benefit of reformulated and alternative 

diesel fuels [3,4,5,6]. Variations in fuel properties have been shown to affect the 

emissions of light-duty vehicles. The most prominent effects result from variations in 

density, cetane number, sulfur content, and aromatics content. 

For this program, exhaust emissions mappings were conducted for six reformulated and 

alternative diesel fuels utilizing a Daimler Benz (DB) OM 611 diesel engine. The OM 

611 engine is a 2.2L, direct-injection diesel with a Bosch, high-pressure, common-rail, 

fuel-injection system. The engine design closely matches the specifications of the PNGV 

target compression-ignition engine. Triplicate steady-state test sequences were performed 

for each reformulated and alternative fuel, as well as a 2D certification-grade fuel that 

served as the baseline. Four of the test points were recommended by the PNGV, 4SDI 

technology team, with the remaining test points chosen to include the operating range of 

the engine. No adjustments were made to the engine to compensate for any performance 

differences resulting from fuel property variations. 

The OM 611 engine is unique in that it utilizes a high-pressure, common-rail injection 

system. The common-rail system has been shown to have great potential to reduce 

exhaust emissions and noise, as well as improve engine design [7]. The OM 611 engine 

utilizes some of the most advanced design features, which will be incorporated into other 

commercially produced diesel engines in the near future. However, the reader should not 



assume that the results of the subject series of tests are necessarily indicative of the best 

performance and lowest emissions to be achieved in diesel engines with the fuels selected 

for these tests. 

Several fuels for which a substantial amount of operational experience already exists 

were selected for these tests. They were chosen based on a potential for low emissions 

through commercial production with an economically viable basis in the near future. 

These fuels will represent a baseline against which less-proven fuels can be compared. In 

the Phase I series of tests, no attempt was made to optimize the engine for the best 

possible results with each of the fuels. In a planned Phase II series of tests, it is 

anticipated that the engine will be specifically optimized for each of the test fuels. Phase 

I and II tests are structured to enable a comparison of candidate fuels and should not be 

construed as reflective of the average or best results to be expected in a scenario where 

these fuels are used on a commercial scale. 

II. OBJECTIVE 

The objective of this study is to compare the exhaust emissions of several promising 

alternative fuels in an advanced DI engine. This study is intended to serve as an initial 

screening of the fuels in order to investigate the level of benefit that can be achieved 

through alternative fuels. The emissions changes are compared through direct substitution 

of fuels in the engine. The engine was not modified to account for possible performance 

differences due to variations in the fuel properties. 

The experimental approach to this work is described in Section III. This section 

includes a detailed analysis of the seven test fuels as well as a description of the test 

sequence and procedures. Section IV describes the engine performance and emissions 

results for each of the test fuels. Conclusions and recommendations are presented in 

Section V. 



III. APPROACH 

The test program was conducted for seven diesel fuels, with an EPA 2-D certification 

fuel serving as the baseline. The test sequence consisted of 13, steady-state speed/load 

points that covered the operating range of the engine. 

A. Test Fuels 

Exhaust emissions were measured for the seven fuels listed in Table 1. The EPA 2-D 

certification fuel (2D) is the baseline against which the emissions of the other six fuels 

are compared. The test fuels were chosen based on the expectation of emissions benefits 

from each fuel. Of the six alternative fuels, three are neat fuels and three are blends. The 

neat fuels include the following: a "pseudo" California diesel; a low-sulfur, low- 

aromatics diesel; and a Fischer-Tropsch synthetic fuel. The remaining test fuels are 

blends of interesting alternatives with the LS fuel. The blends include biodiesel, the 

Fischer-Tropsch synthetic diesel, and dimethoxymethane (DMM). 

Table 1. Test Fuels 
# Fuel Code Description 

1 2D EPA 2-D Certification Diesel 
2 CARB Pseudo-CARB Diesel 
3 LS Low-Sulfur Diesel 
4 FT100 Synthetic (Fischer-Tropsch) Diesel 
5 FT20 Blend; 20% Synthetic Diesel with 80% Low-Sulfur Diesel 
6 B20 Blend; 20% Biodiesel with 80% Low-Sulfur Diesel 
7 DMM15 Blend: 15% Dimethoxymethane (DMM) with 85% Low- 

Sulfur Diesel 

Several fuel properties important to diesel engine emissions were measured for each fuel. 

The complete results of this analysis are listed in Table 2. Figures 1 and 2 show the 

distillation curves (by ASTM D86) for the neat fuels and blended fuels, respectively. The 

data in Table 2 and Figures 1 and 2 are discussed for each fuel in the following sections. 
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Figure 1. Distillation curves by ASTM Method D86: Neat Fuels 
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1. EPA 2-D Certification Diesel (2D) 

Fuel 2D meets the EPA specifications for a 2-D certification diesel fuel [8]. This fuel 

serves as the reference against which emissions from the six alternative fuels are 

compared. Fuel 2D is intended to represent a currently available U.S. diesel fuel [9]. As 

shown in Figure 1, the 2D fuel has a distillation curve typical of diesel fuels. This fuel 

has 32.5 percent aromatics by weight and 0.03 percent (weight) sulfur content. The 

cetane number of 47 is typical of a 2-D fuel available in the United States. 

2. CARB Diesel (CARB) 

The fuel labeled CARB in Table 1 is a "pseudo" California Reference fuel. This fuel 

closely matches the specifications for a CARB Certification fuel as described in the 

California Code of Regulations [10] and is used as such for the purposes of this research 

program. The CARB specifications require a sulfur level below 0.05 percent (mass) and 

aromatics under 10 percent (volume). The CARB fuel meets these specifications with 

0.03 percent (mass) sulfur and 8.9 percent (weight) aromatics content. The initial and 

final boiling points of the CARB fuel match the 2D fuel, with the mid-range distillation 

occurring at slightly lower temperatures. 

3.   Low-Sulfur. Low-Aromatics Diesel (LS) 

The third fuel is a low-sulfur, low-aromatics test fuel with properties comparable to a 

Swedish, Class I, urban diesel fuel [4]. Studies in Europe demonstrated a clear benefit in 

light-duty emissions with this type of reformulated fuel [3]. Fuel LS has less than 10 ppm 

sulfur and 1.2 percent (weight) aromatics content. As a result, this type of fuel typically has 

a higher cetane number than the 2D and CARB fuels. The LS fuel included in this test 

program has a cetane number of 67. Note in Figures 1 and 2 that the LS fuel has a very 

narrow distillation range with an initial boiling point at 241°C and a final point of 285°C. 

4.   Fischer-Tropsch, Synthetic Diesel (FT100) 

Fuel FT 100 is a synthetic diesel fuel produced from natural gas by the Shell Middle 

Distillate Synthesis (SMDS) process. Recent studies have shown that this type of 



synthetic diesel fuel has great potential to reduce exhaust emissions when run as a neat 

fuel or as a blend with standard, crude-derived fuels [5]. As shown in Table 2, the FT 100 

fuel has a high cetane number of 84 with very little sulfur or aromatics content. 

5. 20% Fischer-Tropsch Blend (FT20) 

Fuel FT20 is a 20/80 blend of fuel FT 100 with fuel LS. As expected, the addition of 

FT 100 results in an increase in cetane number compared to the neat LS fuel. The FT20 

blend has a higher Final Boiling Point than the LS base fuel (see Figure 2). 

6. 20% Biodiesel Blend (B20) 

Fuel B20 is a 20/80 blend of biodiesel with fuel LS. Biodiesel is defined by the National 

Biodiesel Board (NBB) as the "mono alkyl esters of long-chain, fatty acids derived from 

renewable lipid feedstocks, such as vegetable oils or animal fats, for use in compression 

ignition (diesel) engines" [11]. A provisional ASTM specification currently exists (Table 

3), which indicates acceptable properties for pure (100%) biodiesel for use in diesel 

blends. The biodiesel in blend B20 was produced from a soybean feedstock and meets all 

of the ASTM provisional specifications. 

Table 3. Provisional Biodiesel Specification for Pure (100%) Biodiesel [11] 
ASTM 

Property Method Limits Units 

Flash Point 93 100.0 min degrees C 
Water & Sediment 1796 0.050 max vol. % 
Carbon Residue, 100% 4530* 0.050 max wt.% 
sample 
Sulfated Ash 874 0.020 max wt. % 
Kinematic Viscosity, 40°C 445 1.9-6.0 mm2/sec 
Sulfur 2622 0.05 max wt.% 
Cetane 613 40 min 
Cloud Point 2500 By Customer degrees C 
Copper Strip Corrosion 130 No. 3 max 
Acid Number 664 0.80 max mg KOH/gm 
Free Glycerin GC** 0.020 max wt% 
Total Glycerin GC" 0.240 max wt% 

*Or equivalent ASTM testing method. 
"Austrian (Christina Plane) update of the United States Department of 
Agriculture test method.  



The addition of biodiesel to the LS fuel had little effect on the cetane number. The 

density of B20 is slightly higher than LS, and the distillation curves in Figure 2 show that 

the temperatures at the 90- and 95-percent distillation points increased significantly. The 

biodiesel blend also contains a small amount of oxygen (2.3 percent by mass). 

7.   15% DMM Blend (DMM15) 

The final fuel is a 15/85 blend of dimethoxymethane (DMM or methylal) with fuel LS. 

This fuel is referred to as DMM 15 in Table 1. DMM, CH30-CH2-OCH3, is readily 

synthesized from methanol, and is completely miscible in petroleum-based fuels. 

Preliminary studies indicated that DMM is effective in reducing smoke and particulate 

emissions when used as an additive in diesel fuels [12]. The addition of DMM drastically 

alters the initial boiling point and flash point of the LS fuel. Because pure DMM is very 

volatile, the 15/85 blend has an initial boiling point of 42°C and a flash point of less than 

9°C. The blend has an oxygen content of 5.2 percent by weight and a slightly lower net 

heat of combustion than the other hydrocarbon-based test fuels. 

The volatility of the DMM blend raised concern over the handling and storage of this 

fuel. In order to address these safety concerns, vapor-pressure measurements and ignition 

tests were conducted for a 15-percent DMM/Diesel blend. The ignition tests were 

performed in a sealed combustion vessel following the procedure outlined in Reference 

13. The ignition test measured the blend's Upper Temperature Limit of Flammability 

(UTLF). Temperatures above the UTLF resulted in vapor concentrations too high to 

propagate a flame away from an ignition source. The UTLF was found to be 10°C (50°F), 

indicating that the 15/85 DMM blend does not present an explosion hazard in a fuel tank 

(or other closed container) at temperatures above 10°C (50°F) [14]. Based on the vapor 

pressure measurements shown in Figure 3 and the measured UTLF, the upper explosion 

limit (UEL) for the blend is equivalent to a vapor pressure of 2.2 psi, which corresponds 

to a concentration of 15 mole percent DMM in the vapor phase. The temperature for the 

lower explosion limit (LEL) was estimated to be -40°C (-40°F) by extrapolation of the 

vapor pressure data. 
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Figure 3. Upper and lower explosion limits for the DMM15 blend within a closed container 

B.       Test Engine 

All emissions tests were conducted with the Daimler Benz, 2.2L, direct-injection diesel 

engine described in Table 4. This recently introduced, four-valve-per-cylinder engine is 

turbocharged and intercooled, and includes exhaust gas recirculation and intake port cut- 

off. No changes were made to the engine from the condition and settings provided by 

Daimler Benz. This engine is manufactured for sale in Europe, and as such, is calibrated 

to meet ECE15/EUDC emission standards. No oxidation catalysts were included in the 

exhaust system for these tests. The engine would normally run in a light-duty vehicle 

with two oxidation catalysts in the exhaust system that would reduce the HC and CO 

emissions from the vehicle [15]. No engine break-in was conducted as this engine was 

operated at Daimler Benz before it was shipped to SwRI. 



Table 4. Engine Specifications 
Parameter Specification 

Engine Type Four Stroke/14/DI 
Rated Speed, rpm 4200 
Power Output, hp 125 
Peak torque Speed, rpm 1800-2600 
Peak Torque, Ib-ft. 220 
Induction Turbocharged 
Intercooling Air-to-Air 
Exh. Restriction, in. Hg. 11.0-at rated engine conditions 
Int. Restriction, in. water 16.5-at rated engine conditions 
Fuel System electronically controlled, high pressure 

common rail with pilot injection 

C. Test Setup 

The test engine was installed in a test cell capable of transient operation. The installation 

utilized hardware provided by Daimler Benz for dynamometer testing of this engine. 

The stock intake system was used, and an exhaust system was fabricated to route engine 

exhaust to a CVS dilution tunnel. Exhaust backpressure was set to Daimler Benz 

specifications at rated power. At the recommendation of Daimler Benz, the engine was 

operated with the factory standard transmission attached, locked in fourth gear. The test 

cell installation is shown in Figure 4. 

D. Test Procedures 

1.   Steady-State Test Points 

Engine dynamometer testing was performed for the 13, steady-state, speed/load points 

listed in Table 5. The measurements were performed at absolute torque settings for all 

seven fuels across all 13 test modes except for mode 7, which was run at 100-percent 

torque. Operating the engine at absolute speed/load points allowed emissions 

comparisons to be made based on differences in fuel consumption and chemistry, not on 

power variations resulting from density differences. 
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Figure 4a. Front View of the QM 611 Engine 

Figure 4b. Top View of the OM 611 Engine 
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Table 5. Steady-State Test Points 
Engine 
Mode 

Engine 
Speed 
(RPM) 

BMEP               OM611 
(bar)            Equivalent 

Torque 
(ft-lb) 

M1 4200 9.3                     117 
M2 4200 6.2                      78 
M3 3400 8.8                     111 
M4 2600 13.1                     166 
M5 2600 8.8                     111 
M6 2300 4.2                      53 
M7 2000 17.5                  100% 
M8 2000 15.0                    189 
M9 2000 8.8                     111 

M10 2000 2.0                      25 
M11 1500 2.62                     33 
M12 900 0.1                      1-2 
M13 765 0.1                      1-2 

Figure 5 shows the 13 speed/load points in relation to the operating characteristics of the 

OM 611. Note that modes 5, 6, and 9 - 12 lie in the EGR region. In addition, modes 10 - 

13 are in a region where the intake swirl is increased. A detailed analysis of the effects of 

the different emissions control strategies is beyond the scope of this work, but it is useful 

to keep these facts in mind when looking at the results section. 
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Figure 5. Test Points 
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2.   Test Sequence 

On each of the seven test fuels, triplicate, 13-mode test sequences were performed for a 

total of 21, 13-mode, steady-state tests. The test matrix was fully randomized except for the 

DMM blend. The DMM blend was run three times (back-to-back) at the end of the test 

program. The overall test plan is provided in Table 6. The EPA 13-mode, steady-state test 

procedure was used as the guideline for engine operating procedures and exhaust emissions 

sampling and analysis. Longer sampling periods were needed during the low-speed, low- 

load modes (10-13) to collect a measurable amount of paniculate on the filter media. 

Table 6. Test Plan 

Step Description 
1 If needed, flush fuel system with new fuel and change fuel filter. 
2 With each fuel change, operate engine at Mode 1 for 30 minutes to condition CVS and 

PM sampling systems. 
3 Confirm proper engine operation at rated power and maximum torque. 
4 Proceed to Mode 1. 
5 Stabilize engine for 5 minutes. 
6 Sample exhaust emission for specified time. 
7 Proceed to next mode. 
8 Repeat Steps 5 through 7 for the remaining test modes. 
9 Repeat Steps 1 through 8 until all fuels are tested. 

Mode Sample Times 
Mode Time (seconds) 

M1 300 
M2 300 
M3 300 
M4 300 
M5 300 
M6 300 
M7 300 
M8 300 
M9 300 

M10 600 
M11 600 
M12 1200 
M13 1200 

Fuel Test Schedule 
Day Fuel 

1 2D 
2 FT20 
3 FT100 
4 LS 
5 B20 
6 FT100 
7 LS 
8 FT20 
9 LS 
10 2D 
11 B20 
12 CARB 
13 B20 
14 CARB 
15 FT20 
16 CARB 
17 2D 
18 FT100 
19 DMM15 
20 DMM15 
21 DMM15 
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3.   Emissions Measurement 

A constant volume sampler (CVS) was used to dilute engine exhaust prior to sampling. 

This positive-displacement pump, CVS system included a 23-inch-diameter, stainless- 

steel dilution tunnel, which was designed for transient testing of heavy-duty diesel 

engines. Therefore, the lowest available CVS flow rate of 1,000 scfm was used during all 

testing. This flow rate provided dilution factors ranging from 8 to 165 across all modes. 

All dilution air was filtered prior to entering the CVS system to minimize levels of 

particles and hydrocarbons in the background air. 

Emissions measured during this project included total hydrocarbons (HC), carbon 

monoxide (CO), oxides of nitrogen (NOx), and paniculate matter (PM). Hydrocarbons 

were measured using continuous dilute sampling techniques employing a heated flame 

ionization detector (HFID). Carbon monoxide and C02 were determined using integrated 

proportional dilute gaseous samples analyzed with non-dispersive infrared (NDIR) 

instruments. Dilute NOx was measured continuously with a chemiluminescence 

instrument. A number of practice 13-mode tests were conducted to establish the required 

analyzer ranges for measurement of HC and NOx, and to determine mode times to ensure 

sufficient loading of the paniculate filters. 

Total PM levels were determined by collecting paniculate matter on a set of 90 mm 

Pallflex filters, which were weighed before and after each test mode. A secondary 

dilution tunnel, linked to the primary tunnel via a transfer tube, was equipped with a 

holder for the paniculate filters. A sample pump and a gas meter constituted the main 

equipment required for the sampling of paniculate matter. The system included 

temperature and pressure measurement for accurate calculation of paniculate sample 

flow. Both of the 90-mm Pallflex filters (primary and secondary) were held at a 

temperature of < 125°F. 

In addition to total paniculate mass, size-segregated paniculate mass was measured 

during one of the three 13-mode tests conducted with each fuel. Paniculate size 

distribution was measured with a Model 110 Micro-Orifice Uniform Deposit Impactor 

(MOUDI) using an isokinetic sampling probe. The flow rate through the MOUDI was 30 
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L/min. Stages 3-10 were used to collect particulate mass at equivalent aerodynamic 

diameter cut-off ranges of 6.2, 3.1, 1.8, 1.0, 0.54, 0.31, 0.17, 0.09, and 0.056 u.m. The 

particles were collected on uncoated, 47-mm foil substrates. The MOUDI is pictured in 

Figure 6. 

The MOUDI operates in the same manner as any inertial cascade impactor with multiple 

nozzles. At each stage, jets of particle-laden air impinge upon an impaction plate. 

Particles larger than the cut size of that stage cross the air streamlines and remain on the 

impaction plate. Smaller particles with less inertia cannot cross the streamlines and 

proceed to the next stage. Smaller nozzles with higher air velocity collect finer particles. 

The process continues through the cascade impactor until the smallest particles are 

collected on the final glass-fiber backup filter. By rotating every other stage of the 

impactor and holding the others stationary, every nozzle plate/impaction plate 

combination has relative rotation. This rotation allows the MOUDI to achieve near- 

uniform particle deposition. 

Figure 6. Micro-Orifice Uniform Deposit Impactor (MOUDI) 
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IV. RESULTS AND DISCUSSION 

This section presents the engine performance, data analysis, and results of the emissions 

testing. Engine performance was analyzed through measurement of the full-load engine 

torque and operating conditions for each fuel. The specific fuel consumption and thermal 

efficiency at each of the 13 modes were also considered for each fuel. Statistical analyses 

of the emissions data were conducted to determine the significance of observed 

differences. Emissions results are presented as a comparison of the seven test fuels. 

Tabular summaries of the emission rates and indices are provided in Appendix A. The 

emission indices are the emission rates divided by the fuel consumption rate. Individual 

test results are provided in Appendix B. 

A. Engine Performance 

Full-load engine torque and operating conditions were measured for each fuel at nine 

points across the engine's operating range. Results are presented in Figure 7. The raw 

data from these evaluations are included in Appendix C. Except for the DMM blend, 

there was little power difference among the fuels. While operating on the DMM blend, 

slightly less torque was observed near 1500 rpm, while more power was produced above 

3000 rpm. 

In general, the engine operated satisfactorily on all fuels. However, operation on DMM 15 

required special precautions. Due to its low initial boiling point (42°C), DMM would boil 

out of solution in the fuel return line and in the day tank. To alleviate this problem, the 

fuel return line was configured with a simple heat exchanger that consisted of a coiled 

tube submerged in a cooler filled with crushed ice. Figure 8 shows this configuration 

without the ice. This setup kept the fuel in the day tank cool enough to avoid boiling the 

DMM out of solution. However, DMM fumes from the fuel were always noticeable in the 

test cell while the engine was running. 

16 
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Due to the high pressure in the common fuel rail, the DMM would stay in solution in the 

rail during typical testing despite the elevated temperatures. However, during practice 

runs with this fuel, the engine was operated with the test-cell overhead door open to 

minimize the DMM levels in the cell. When the engine was operating in the afternoon, 

while the sun was shining directly on the top of the engine, it did not run smoothly, and 

power was about ten-percent low at rated speed. It is suspected that the additional heating 

of the fuel rail from the sun was enough to cause the DMM to vaporize in the rail. This 

additional heating from the sun was not a problem during actual testing, because the test 

cell temperature was controlled and the overhead door was kept closed. 

The engine showed very little variation in brake-specific fuel consumption (BSFC) and 

thermal efficiency for the seven test fuels. The BSFC and thermal efficiency are 

presented in Figures 9 and 10. The BSFC of the DMM blend is slightly higher than the 

other fuels at modes 1 and 2, but no consistent trends in fuel consumption are evident 

across all 13 modes. Similarly, the achievable thermal efficiencies of the alternative fuels 

did not vary significantly at any point in the test sequence. 

B.       Statistical Analysis of Emissions Data 

To determine which observed differences were significant, 14 statistical analyses were 

performed for each of the four measured exhaust emissions (CO, HC, PM and NOx). 

Emissions measured at each of 13 different modes were analyzed individually by mode, 

and a final analysis was performed using a "composite mode," calculated by averaging 

the emissions results of all 13 modes. Each average emission was compared among the 

seven test fuels using the analysis of variance (ANOVA) statistical procedures [16]. If 

significant differences in the average emission rates were present, a Tukey's multiple 

comparison procedure was used to discriminate the average emission rates among the 

seven fuels. All statistical comparisons were made at the five-percent level of 

significance. In four of the ANOVA analyses, the assumption of equal variance of the 

residuals across the fuel groups was violated. In these cases a Kruskal-Wallis 

nonparametric technique was used to compare the median of the emissions among the 

fuels [17]. 

18 
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Graphic representations of the ANOVA and nonparametric Kruskal-Wallis comparison 

tests for each of the 13 individual modes, as well as the average "composite mode," are 

provided in Appendix D. These graphs include the means and the 95-percent Tukey 

confidence intervals about the means for all seven fuels. Overlapping intervals indicate 

no significant difference in the average emission at the 95-percent confidence level. Non- 

overlapping intervals demonstrate fuels that produce statistically significant differences 

in average emissions. For modes that used a nonparametric comparison of the fuels, the 

medians and their corresponding 95-percent confidence intervals are displayed. 

C.       Particulate Matter (PM) and Oxides of Nitrogen (NOX) Emissions 

The particulate matter and NOx emissions from diesel engines are of primary concern. 

For this reason, the analysis of the data focused on these two emissions and the NOx/PM 

trade-off. By reviewing the chemical properties in Table 2, it would be expected that the 

fuels with reduced aromatics and sulfur content as well as high cetane numbers would 

produce lower PM levels. An ability to control PM levels without raising the NOx 

emissions would give engine designers more leverage in reducing emissions. 

The particulate matter emissions are shown in Figure 11 as a fraction of the 2D emissions 

level. The 2D level is indicated by the bold line at 1.00 (100 percent). The columns in 

Figure 11 represent the average of the three tests conducted for each fuel. The LS, FT20, 

B20, FT 100 and DMM15 fuels show a benefit in particulate emissions in comparison to 

the 2D fuel. The DMM15 fuel reduced particulate emissions by between 45 to 83 percent 

from the 2D value across modes 1-13. The FT100 also produced a significant benefit in 

PM emissions, with reductions ranging from 31 to 75 percent. The percent change from 

the 2D fuel is summarized for each mode in Table 7. Statistically significant reductions in 

particulates are achieved throughout most of the test modes. 

The NOx data is presented as a fraction of the 2D baseline emissions in Figure 12. NOx 

levels are close to the 2D value for modes 1-9. Modes 10-12 show large average 

reductions in NOx. However, these reductions are not statistically significant (Table 8). 

Statistically significant reductions in NOx were observed at modes 1, 7, and 8 (relatively 

high-load conditions). Oxides of nitrogen emissions tended to increase (in some cases 

significantly) relative to the 2D baseline at modes 5, 6, and 9. These modes are at the 

edge of the operating range for EGR, and the NOx changes may be artifacts of the engine 

calibration. 
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Table 7. PM Percent Change from 2D Baseline 

Mode 

M1 

Fuel 

CARB LS B20 FT20 FT100 DMM15 

-6%a -18% -32% -25% -32% -46% 

M2 -14% -25% -32% -28% -37% -53% 

M3 -11% -21% -32% -32% -37% -51% 

M4 -3% -23% -34% -28% -37% -60% 

M5 -22% -30% -41% -31% -43% -57% 

M6 -31% -25% -21% -30% -43% -54% 

M7 1% -3% -27% -14% -33% -45% 

M8 3% -14% -34% -17% -31% -46% 

M9 -19% -37% -36% -33% -43% -54% 

M10 -50% -38% -42% -43% -50% -64% 

M11 -36% -14% -24% -19% -36% -58% 

M12 -50% -67% -63% -71% -75% -75% 

M13 -59% -66% -66% -72% -72% -83% 

Composite -13% -21% -32% -27% -37% -52% 
a Values in bold italics are statistically significant 

Table 8. NOx Percent Change from 2D Baseline 

Mode 

M1 

Fuel 

CARB LS B20 FT20 FT100 DMM15 

-6%a -5% -3% -8% -8% -9% 

M2 -4% -4% -1% -6% -8% -11% 

M3 -4% -2% 2% -5% -4% -4% 

M4 -5% -3% -0% -5% -6% 0% 

M5 7% 4% 10% -5% -2% 7% 

M6 -2% 8% 7% -0% 5% -1% 

M7 -6% -9% -5% -7% -8% -4% 

M8 -5% -4% -0% -5% -5% -1% 

M9 5% 10% 12% 1% 3% 11% 

M10 -11% -10% -9% -25% -20% -26% 

M11 -29% -32% -18% -40% -33% -28% 

M12 -54% -41% -48% -48% -57% -49% 

M13 18% 34% 15% -1% -5% 33% 

Composite -4% -3% -0% -6% -6% -4% 
a Values in bold italics are statistically significant 
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Figure 13 summarizes the PM and NOx emissions results. Normalized results are 

presented for the "composite mode" for each fuel. The 2D fuel has a value of 1.00 (100 

percent) for both PM and NOx. The remaining fuels are displayed as a fraction of the 2D 

value. The error bars on the chart indicate the 95-percent confidence intervals for this 13- 

mode average. All six alternative fuels produced a significant reduction in PM in 

comparison to the 2D fuel. The PM reduction is achieved with no significant increases in 

NOx. DMM15 shows that the largest average reduction in PM of 52 percent. Significant 

benefits were also achieved with the FT100 (37-percent reduction), B20 (32-percent 

reduction), and FT20 (27-percent reduction) fuels. 

Because the low sulfur (LS) fuel is the base for the three blended fuels (FT20, B20, 

DMM15), it is informative to look at the changes in PM and NOx achieved by the these 

three fuels in comparison to the LS fuel. Figure 14 shows the NOx and PM results as a 

fraction of the LS fuel. The DMM blend produces a 38-percent reduction from the LS 

fuel. Fuels B20 and FT20 show 14- and 7-percent reductions, respectively. The variations 

in NOx among the FT20, B20, and DMM 15 fuels were not significantly different from 

the LS fuel. 
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Figure 13. NOx versus PM emissions for composite, 13-mode average. Alternative 
fuels are shown as a fraction of the 2D results. 
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Figure 14. NOx versus PM emissions for blended fuels in comparison to the low- 
sulfur (LS) base fuel. 

D.       PM Size Distribution 

Average total-particulate-mass emission rates measured with the MOUDI impactor were 

calculated by adding the masses collected on individual stages. These values were then 

compared to total-particulate emission rates determined with 90-mm filters. Average PM 

emission rates determined with the MOUDI were 83 to 92 percent of the values 

determined with the 90-mm filters, indicating that a majority of the particulate entering 

the MOUDI was collected on the plates and the backup filter. 

Size-segregated particulate mass emission fractions over the "composite mode" are 

provided in Figure 15. Results from individual modes are provided in Appendix E. In 

order to compare the particle size distributions by fuel independent of the total particulate 

emissions rate, these data are presented as percent of total mass measured for each 

individual size bin. This data indicates no significant differences in particulate-mass size 

distribution among the seven fuels. This trend is consistent across all individual modes. 
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For all fuels, approximately 40 percent of all measured particulate mass was between 

0.18 and 0.10 |im mean aerodynamic diameter. Approximately three-quarters of 

measured particulate mass was between 0.32 and 0.06 |im for all fuels, and about 97 

percent of all measured mass was less than 2.0 \im in size. Approximately 10 percent of 

the particulate mass was less then 0.06 [im. 

E.       Total Hydrocarbon (HC) Emissions 

Because emissions of total hydrocarbons (HC) are more readily controlled with 

aftertreatment devices, this gaseous emission is of less concern than the NOx and PM 

results. Figure 16 shows the average HC results as a fraction of the 2D emissions for each 

mode. The trends in HC emissions is not as consistent across the 13 modes as the results 

for PM and NOx emissions. HC levels at modes 7 and 8 are higher than the 2D emissions 

for FT20, B20 and DMM15. However, the statistical analysis indicates that HC 

differences at these modes are not significantly different. With the exception of the 

CARB fuel, modes 10, 11, 12 and 13 generally have decreased HC emissions for the 

alternative fuels. The percent reductions in HC are summarized in Table 9. 

Table 9. HC Percent Change from 2D Baseline 

Mode 

M1 

Fuel 

CARB LS B20 FT20 FT100 DMM15 

20% -6% -21% 2% -9% 40% 

M2 9% -22% -8% -24% -22% -27%" 

M3 8% -25% -7% -24% -26% -20% 

M4 14% -13% -6% -20% -27% 16% 

M5 3% -36% -48% -35% -56% -11% 

M6 -6% -53% -37% -42% -55% -29% 

M7 20% -11% 20% 7% -2% 39% 

M8 41% -21% 31% 31% 0% 69% 

M9 21% -67% 3% -15% -61% 30% 

M10 -3% -72% -64% -65% -77% -36% 

M11 -17% -74% -46% -53% -73% -47% 

M12 9% -87% -39% -84% -88% -63% 

M13 -47% -80% -5% -95% -92% -82% 

Composite 0% -47% -31% -42% -50% -24% 
a Values in bo d italics are statistically significant 
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As a summary of the HC data, Figure 17 presents the normalized, 13-mode average for 

each fuel. Once again, the error bars represent the 95-confidence interval for this 

"composite mode." The 2D and CARB fuels have similar HC levels. The remaining 

five fuels reduce HC emissions to levels between 50 and 76 percent of the 2D baseline 

fuel. Note that the HC level for these five fuels are not statistically different from each 

other. 

The reduction in HC achieved for the 13-mode average by the LS, FT20, B20, FT100 and 

DMM15 fuels may be explained by the differences in cetane number. The 2D and CARB 

fuels have cetane values of 46 and 45, respectively, while the cetane number of the 

remaining fuels ranges from 63 to 84. 
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Figure 17. Composite Hydrocarbon Emission Rates, with 95 Percent 
Confidence Intervals 
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F.       Carbon Monoxide (CO) Emissions 

The CO emissions are presented in Figures 18 and 19. The CO emissions would be 

effectively controlled by the oxidation catalysts, which would normally be included in the 

exhaust system of the engine. Figure 18 shows the CO emissions as a fraction of the 2D 

results for the individual modes. With the exception of modes 7 and 8, the six alternative 

fuels show a reduction in CO in comparison to the 2D fuel. The increases for modes 7 

and 8 are not statistically significant (Table 10). 

The 13-mode average for the CO data is presented in Figure 19. For this "composite 

mode," the LS, FT20, B20, FT100, and DMM15 fuels all show a statistically significant 

reduction in CO emissions. The DMM15 blend is lower than all other fuels, reducing CO 

emissions by 36 percent. The FT100 fuel reduces average CO by 27 percent, and the LS, 

FT20 and B20 reduce CO from 15 to 20 percent. 

Table 10. CO Percent Change from 2D Baseline 

Mode 

M1 

Fuel 

CARB LS B20 FT20 FT100 DMM15 

4% -5% -9% -12% -9% 4% 

M2 -9%a -16% -11% -17% -18% -63% 

M3 -12% -21% -20% -24% -32% -62% 

M4 -5% -15% -16% -17% -20% -31% 

M5 -4% -27% -25% -30% -39% -36% 

M6 -12% -43% -41% -44% -54% -38% 

M7 12% 23% -2% 9% -3% -12% 

M8 19% 16% -2% 15% 1% 15% 

M9 -5% -28% -23% -27% -35% -27% 

M10 -6% -52% -51% -55% -66% -38% 

M11 -7% -42% -43% -44% -53% -41% 

M12 0% -60% -49% -63% -68% -65% 

M13 -19% -67% -57% -67% -74% -71% 

Composite -2% -15% -20% -20% -27% -36% 
a Values in bo d italics are statistically significant 
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Figure 19. Composite Carbon Monoxide Emission Rates, with 95 Percent 
Confidence Intervals 

V. SUMMARY AND CONCLUSIONS 

Gaseous and paniculate exhaust emissions were evaluated for a 1998 2.2L, Daimler 

Benz, direct-injection diesel engine operating on seven diesel and alternative diesel fuel 

blends. This recently introduced, four-valve-per-cylinder engine is turbocharged and 

intercooled, and includes a high-pressure, common-rail fuel system with pilot injection. 

Each fuel was evaluated in triplicate over 13 discrete steady-state modes. In addition, 

particle size-differentiated mass was determined for each fuel during one of the triplicate 

13-mode tests. An EPA certification-grade, on-highway 2-D diesel fuel (2D) served as 

the baseline fuel. Other fuels tested included the following: pseudo-CARB reference 

fuel (CARB); low-sulfur diesel (LS); neat Fischer-Tropsch synthetic diesel (FT100); 20- 

percent Fischer-Tropsch / 80 percent low-sulfur diesel (FT20); 20-percent biodiesel / 80- 

percent low-sulfur diesel (B20); and 15-percent dimethoxymethane / 85-percent low- 

sulfur diesel (DMM15). 
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All of the diesel fuel alternatives provided a statistically significant benefit for PM 

emissions compared to 2D. PM reductions ranged from 13 to 52 percent for the 13-mode 

average. There were no statistically significant increases in NOx emission rates with any 

of the diesel alternative compared to baseline 2D. Furthermore, CARB, FT20, FT100, 

and DMM15 provided reductions in NOx ranging form 4 to 6 percent on average. All 

fuels except CARB showed reductions in CO and HC emissions compared to 2D. 

Percent changes in CO emission rates from the 2D baseline ranged from 15 to 36 percent. 

Reductions in composite HC emission rates ranged from 24 to 50 percent. 

There appear to be no significant differences in particulate-mass size distribution among 

the seven fuels. For all fuels, approximately three-quarters of measured particulate mass 

was between 0.32 and 0.06 |xm, and about 97 percent of all measured mass was less then 

2.0 Jim in size. Approximately 10 percent of the particulate mass was less than 0.06 \xm. 

FT100 and DMM15 provided the greatest benefits in exhaust emission reductions. 

However, DMM15 had a tendency to boil out of solution without special handling of the 

fuel. Therefore, it may not be possible to substitute this fuel into existing engines without 

some modifications to fuel systems. FT 100, on the other hand, was easy to utilize in the 

engine and did not require any modifications to the fuel system. 

Based on the results of this test program, it is clear that additional work should be 

conducted in the area of alternative fuels. These results demonstrate that benefits can be 

achieved at steady-state operating conditions through the direct substitution of fuels in 

advanced diesel engines. Additional reductions in emissions may be possible if engine 

operating parameters such as injection timing and pressure and EGR levels can be 

adjusted for a specific fuel. Investigations of fuel system and materials compatibility will 

also be important in future work. Analysis is needed to determine if fuels such as DMM 

will be compatible with all the materials in a modern engine. The feasibility, safety, and 

economics of implementing fuels with properties similar to DMM 15 will also be 

important. Wide-scale use of this fuel may require significant changes to current 

infrastructure. 
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APPENDIX A 

AVERAGE STEADY-STATE 13-MODE EMISSION TEST DATA 

A-l 



A-2 



Table A-1. Average Emission Rates (g/hr) 

Mode Fuel HC CO NOx PM 

1 2D 4.2 57.8 536.3 20.5 

CARB 5.1 59.9 503.1 19.3 

LS 4.0 55.0 511.5 16.8 

B20 3.3 52.7 522.0 14.0 

FT20 4.3 50.9 495.7 15.4 

FT100 3.9 52.7 491.7 13.9 

DMM15 5.9 59.9 488.6 1.1 

2 2D 9.1 221.9 352.6 19.6 

CARB 9.9 202.8 339.0 16.8 

LS 7.1 187.1 337.2 14.7 

B20 8.3 198.0 349.6 13.3 

FT20 6.9 183.3 330.1 14.1 

FT100 7.1 181.8 324.4 12.4 

DMM15 6.7 81.7 312.1 9.3 

3 2D 5.3 124.9 364.0 10.5 

CARB 5.7 110.5 347.7 9.3 

LS 4.0 98.7 358.5 8.3 

B20 4.9 100.4 370.2 7.1 

FT20 4.0 95.4 347.3 7.1 

FT100 3.9 84.9 351.1 6.7 

DMM15 4.2 47.1 350.9 5.1 

4 2D 2.3 44.9 361.0 6.7 

CARB 2.7 42.8 344.7 6.5 

LS 2.0 38.0 350.1 5.1 

B20 2.2 37.5 359.8 4.4 

FT20 1.9 37.2 341.4 4.8 

FT100 1.7 36.0 340.2 4.2 

DMM15 2.7 31.2 361.5 2.7 

5 2D 3.0 59.8 149.8 10.8 

CARB 3.1 57.2 160.6 8.4 

LS 1.9 43.7 155.2 7.5 

B20 1.5 44.8 164.0 6.4 

FT20 1.9 42.1 142.1 7.4 

FT100 1.3 36.6 146.3 6.1 

DMM15 2.6 38.4 159.5 4.7 
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Table A-1 (continued). Average Emission Rates (g/hr) 

Mode Fuel HC CO NOx PM 

6 2D 5.3 80.3 40.3 8.9 

CARB 5.0 70.7 39.4 6.1 

LS 2.5 46.0 43.7 6.7 

B20 3.3 47.4 43.3 7.1 

FT20 3.0 45.0 40.2 6.2 

FT100 2.4 37.2 42.2 5.1 

DMM15 3.7 49.5 39.7 4.1 

7 2D 1.5 233.6 343.5 13.7 

CARB 1.8 262.0 323.7 13.8 

LS 1.3 287.0 314.1 13.3 

B20 1.8 229.0 325.9 10.0 

FT20 1.6 254.2 318.1 11.8 

FT100 1.4 225.9 317.2 9.2 

DMM15 2.0 205.1 329.2 7.6 

8 2D 1.0 69.0 300.6 6.1 

CARB 1.4 82.3 285.1 6.3 

LS 0.8 80.0 289.3 5.3 

B20 1.3 67.8 300.5 4.0 

FT20 1.3 79.1 285.7 5.1 

FT100 1.0 69.8 284.6 4.2 

DMM15 1.6 79.3 298.9 3.3 

9 2D 1.1 26.0 137.1 4.8 

CARB 1.3 24.7 143.7 3.9 

LS 0.4 18.8 151.1 3.3 

B20 1.1 20.0 153.5 3.1 

FT20 0.9 18.9 137.9 3.2 

FT100 0.4 17.0 141.0 2.7 

DMM15 1.4 19.0 152.0 2.2 

10 2D 10.3 105.0 14.1 2.8 

CARB 10.0 98.3 12.6 1.4 

LS 2.9 50.0 12.7 1.7 

B20 3.7 50.9 12.8 1.6 

FT20 3.6 46.8 10.6 1.6 

FT100 2.4 35.6 11.3 1.4 

DMM15 6.6 65.5 10.5 1.0 
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Table A-1 (continued). Average Emission Rates (g/hr) 

Mode Fuel HC CO NOx PM 

11 2D 4.0 38.8 12.3 2.0 

CARB 3.3 36.1 8.7 1.3 

LS 1.0 22.6 8.3 1.7 

B20 2.2 22.1 10.0 1.5 

FT20 1.9 21.9 7.4 1.6 

FT100 1.1 18.1 8.2 1.3 

DMM15 2.1 22.9 8.8 0.8 

12 2D 3.2 27.5 5.0 0.8 

CARB 3.5 27.6 2.3 0.4 

LS 0.4 11.1 3.0 0.3 

B20 2.0 14.1 2.6 0.3 

FT20 0.5 10.3 2.6 0.2 

FT100 0.4 8.7 2.2 0.2 

DMM15 1.2 9.6 2.6 0.2 

13 2D 4.9 28.4 2.4 1.0 

CARB 2.6 22.9 2.9 0.4 

LS 1.0 9.4 3.3 0.3 

B20 2.2 12.3 2.8 0.3 

FT20 0.2 9.4 2.4 0.3 

FT100 0.4 7.4 2.3 0.3 

DMM15 0.9 8.2 3.2 0.2 

Average 2D 4.2 86.0 201.5 8.3 

CARB 4.3 84.4 193.3 7.2 

LS 2.3 72.9 195.2 6.5 

B20 2.9 69.0 201.3 5.6 

FT20 2.5 68.8 189.3 6.1 

FT100 2.1 62.4 189.4 5.2 

DMM15 3.2 55.2 193.7 4.0 
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Table A-2. Average Emissions Indices: Grams Emission per Kilogram Fuel 
Average Emission Rates (g emission/kg fuel) 

Mode Fuel HC CO NOx PM 

1 2D 0.2 3.1 29.2 1.1 

CARB 0.3 3.2 27.1 1.0 

LS 0.2 3.0 28.0 0.9 

B20 0.2 2.8 28.0 0.7 

FT20 0.2 2.9 28.2 0.9 

FT100 0.2 3.0 27.9 0.8 

DMM15 0.3 3.1 25.2 0.6 

2 2D 0.7 16.6 26.3 1.5 

CARB 0.7 15.0 25.1 1.2 

LS 0.5 14.1 25.4 1.1 

B20 0.6 14.4 25.5 1.0 

FT20 0.5 14.1 25.3 1.1 

FT100 0.6 14.4 25.7 1.0 

DMM15 0.5 5.8 22.1 0.7 

3 2D 0.4 9.8 28.7 0.8 

CARB 0.4 8.7 27.2 0.7 

LS 0.3 7.7 28.0 0.7 

B20 0.4 7.7 28.4 0.5 

FT20 0.3 7.9 28.6 0.6 

FT100 0.3 6.9 28.7 0.5 

DMM15 0.3 3.5 26.2 0.4 

4 2D 0.2 3.5 27.8 0.5 

CARB 0.2 3.3 26.6 0.5 

LS 0.2 2.9 26.7 0.4 

B20 0.2 2.8 27.0 0.3 

FT20 0.1 2.9 26.6 0.4 

FT100 0.1 2.9 27.3 0.3 

DMM15 0.2 2.3 26.6 0.2 

5 2D 0.3 6.6 16.4 1.2 

CARB 0.3 6.3 17.7 0.9 

LS 0.2 4.8 17.2 0.8 

B20 0.2 4.9 17.8 0.7 

FT20 0.2 4.8 16.1 0.8 

FT100 0.2 4.2 16.9 0.7 

DMM15 0.3 4.1 17.0 0.5 
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Table A-2 (continued). Average Emission Indices: Grams Emission per Kilogram Fuel 
Average Emission Rates (g emission/kg fuel) 

Mode Fuel HC CO NOx PM 

6 2D 1.2 18.1 9.1 2.0 

CARB 1.1 16.0 8.9 1.6 

LS 0.6 10.3 9.7 1.5 

B20 0.7 10.4 9.5 1.3 

FT20 0.7 10.6 9.5 1.5 

FT100 0.6 8.8 10.0 1.2 

DMM15 0.8 10.8 8.6 0.9 

7 2D 0.1 16.8 24.8 1.0 

CARB 0.1 19.1 23.6 1.0 

LS 0.1 21.5 23.5 1.0 

B20 0.1 17.0 24.3 0.7 

FT20 0.1 19.0 23.7 0.9 

FT100 0.1 17.5 24.5 0.7 

DMM15 0.1 14.7 23.5 0.5 

8 2D 0.1 6.2 27.0 0.6 

CARB 0.1 7.4 25.8 0.6 

LS 0.1 7.1 25.8 0.5 

B20 0.1 6.0 26.6 0.4 

FT20 0.1 7.1 25.6 0.5 

FT100 0.1 6.4 26.2 0.4 

DMM15 0.1 6.9 26.0 0.3 

9 2D 0.2 3.8 20.2 0.7 

CARB 0.2 3.6 21.1 0.6 

LS 0.1 2.8 22.4 0.5 

B20 0.2 2.9 22.5 0.5 

FT20 0.1 2.9 21.3 0.5 

FT100 0.1 2.6 21.7 0.4 

DMM15 0.2 2.7 21.4 0.3 

10 2D 4.3 43.7 5.9 1.2 

CARB 4.1 39.8 5.1 0.6 

LS 1.2 20.9 5.3 0.7 

B20 1.5 21.3 5.4 0.7 

FT20 1.5 20.2 4.6 0.7 

FT100 1.1 15.8 5.0 0.6 

DMM15 2.7 27.2 4.4 0.4 
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Table A-2 (continued). Average Emission Indices: Grams Emission per Kilogram Fuel 
Average Emission Rates (g emission/kg fuel) 

Mode Fuel HC CO NOx PM 

11 2D 2.0 19.8 6.2 1.0 

CARB 1.6 17.6 4.3 0.6 

LS 0.5 10.7 4.0 0.8 

B20 1.1 11.0 5.0 0.7 

FT20 1.0 11.4 3.9 0.8 

FT100 0.6 9.4 4.3 0.7 

DMM15 1.0 11.3 4.3 0.4 

12 2D 6.9 58.8 10.7 1.7 

CARB 7.4 57.0 4.7 0.8 

LS 0.9 22.3 5.9 0.5 

B20 4.0 29.1 5.3 0.6 

FT20 1.2 22.6 5.7 0.5 

FT100 0.9 19.2 4.9 0.5 

DMM15 2.3 18.7 5.0 0.3 

13 2D 11.4 64.9 5.5 2.2 

CARB 6.0 52.5 6.4 0.9 

LS 2.2 20.9 7.2 0.7 

B20 5.2 29.3 6.5 0.8 

FT20 0.6 24.0 5.9 0.6 

FT100 1.0 18.6 5.9 0.6 

DMM15 2.1 20.0 7.9 0.4 

Average 2D 2.2 20.9 18.9 1.2 

CARB 1.7 19.2 17.2 0.9 

LS 0.5 11.5 17.6 0.8 

B20 1.1 12.3 17.8 0.7 

FT20 0.5 11.6 17.3 0.7 

FT100 0.4 10.0 17.6 0.7 

DMM15 0.9 10.1 16.8 0.5 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV    ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE DUMBER TEST 2D-1E RUN DIESEI 2D EH-2549-F 
ENGINE MODEL 98 MB OH 611 DATE 3/ 6/98 TIME HCi t 1.84 
ENGINE 2.2 1(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:. 866 H:. 134 0: .000 X:.000 
ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 
ENGINE SERIAL DE 22 LA 

MEASURED 
SPEED 

30 PPM S 

Tuuuer ITT>  _ 

MODE SPEED LOAD TORQUE TIME TORQUE FUEL TEMP HUMID BARO NOX PART. DRY 

1 

1PH PCT LB-FT SEC 

300. 

RPM 

4200. 

LB-FT 

118. 

LB/HR 

40.5 

DEG F G/KG IN-HG HUM HUM WET F 

4200. 0. 118. 73.0 9.2 29.01 .974 1.020 .972 1.005 
2 4200. 0. 79. 300. 4200. 79. 29.0 73.0 9.6 29.01 .979 1.016 .976 1.006 
3 3400. 0. 111. 300. 3400. 111. 27.9 73.0 9.7 29.00 .981 1.014 .977 1.006 
4 2600. 0. 166. 300. 2600. 166. 28.4 73.0 9.6 28.99 .981 1.015 .977 1.006 
5 2600. 0. 111. 300. 2600. 111. 19.7 73.0 9.6 28.98 .980 1.015 .980 1.007 
6 2300. 0. 54. 300. 2300. 54. 9.9 72.0 9.6 28.97 .981 1.014 .983 1.004 
7 20OO. 0. 229. 300. 2000. 229. 30.3 73.0 9.7 28.96 .982 1.014 .976 1.007 
8 20OO. 0. 189. 300. 2000. 189. 24.3 74.0 9.7 28.95 .982 1.014 .978 1.010 
9 20OO. 0. 111. 300. 2000. 111. 14.8 73.0 9.7 28.95 .982 1.014 .981 1.008 

10 20OO. 0, 26. 600. 2000. 26. 5.3 74.0 9.8 28.93 .984 1.012 .984 1.011 
11 1500. 0. 33. 600. 1500. 33. 4.4 75.0 10.1 28.92 .988 1.009 .983 1.014 
12 900. 0. 2. 1200. 900. 2. 1.1 73.0 9.1 28.90 .972 1.022 .983 1.008 
13 765. 0. 4. 1200. 770. 4. 1.0 75.0 9.7 28.88 .981 1.014 .985 1.015 

BHP WEIGHTED RESULTS 

MODE FROH - tAHS/HOU MODE POWER FUEL RAMS/HOU] 
WORK HC CO NOX PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 95.0 4.00 58.4 529.3 20.65 58187. .077 7.3 3.12 .31 4.50 40.72 1.59 4476. 
2 64.0 9.46 222.0 340.7 19.64 41371. .077 4.9 2.23 .73 17.07 26.20 1.51 3182. 
3 73.0 5.72 125.1 356.5 10.88 39865. .077 5.6 2.14 .44 9.62 27.42 .84 3067. 
4 83.0 2.42 44.7 357.6 6.58 40756. .077 6.4 2.18 .19 3.43 27.51 .51 3135. 
5 55.0 2.85 58.3 145.9 10.67 28242. .077 4.2 1.52 .22 4.49 11.23 .82 2172. 
6 24.0 5.28 79.5 41.3 9.10 14110. .077 1.8 .76 .41 6.11 3.18 .70 1085. 
7 88.0 1.30 219.4 344.5 12.63 43273. .077 6.8 2.33 .10 16.88 26.50 .97 3329. 
8 73.0 .75 62.5 299.9 5.69 34840. .077 5.6 1.87 .06 4.81 23.07 .44 2680. 
9 43.0 1.02 26.9 139.0 4.77 21288. .077 3.3 1.14 .08 2.07 10.69 .37 1638. 
10 10.0 12.65 119.2 12.6 2.82 7416. .077 .8 .41 .97 9.17 .97 .22 570. 
11 10.0 4.25 40.0 9.8 1.73 6183. .077 .8 .33 .33 3.08 .76 .13 476. 
12 .0 2.84 27.2 3.4 .67 1504. .077 .0 .08 .22 2.09 .26 .05 116. 
13 1.0 2.27 20.8 3.8 .69 1383. .077 .1 .08 .17 1.60 .29 .05 106. 

TOTAL 47.6 18.2 4.2 84.9 198.8 8.2 26032. 

B-3 



SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV    ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE 
ENGINE MODEL 98 MB OM 611 
ENGINE 2.2 L(134. CID) 14 CYL 
ENGINE CYCLE DIESEL 
ENGINE SERIAL DE 22 LA 

TEST 2D-2E       RUN 
DATE 3/19/98  TIME 
COMPUTER PROGRAM SSDIL 1.3 -R 
CELL 4   BAG CART 1 
30 PPM S 

DIESEL 2D 
HCR 1.84 
C:.866 H.-.134 
ENGINE OIL 

EM-2549-F 

O:.000 X:.000 

TARGET     MEASURED C - B  ] MAKE AD ------   FACTORS — 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 

RPH PCT LB-FT SEC 

300. 

RPM 

4200. 

LB-FT 

117. 

LB/HR 

40.4 

DEG F G/KG IN-HG HÖH HUM WET F 

1 4200. 0. 117. 73.0 10.0 29.06 .987 1.009 .976 1.005 

2 4200. 0. 79. 300. 4200. 79. 29.6 74.0 10.0 29.06 .987 1.009 .981 1.008 

3 3400. 0. 111. 300. 3400. 111. 27.7 74.0 9.2 29.05 .973 1.021 .983 1.007 

4 2600. 0. 167. 300. 2600. 167. 28.5 73.0 8.9 29.06 .967 1.025 .982 1.004 

5 2600. 0. 111. 300. 2600. 111. 19.8 73.0 9.0 29.05 .970 1.023 .985 1.004 

6 2300. 0. 53. 300. 2300. 53. 9.8 73.0 9.2 29.05 .973 1.021 .989 1.004 

7 2000. 0. 229. 300. 2000. 229. 30.7 74.0 9.2 29.05 .974 1.020 .982 1.007 

8 2000. 0. 190. 300. 2000. 190. 24.6 74.0 9.2 29.05 .973 1.021 .984 1.007 

9 2000. 0. 111. 300. 2000. 111. 14.9 73.0 9.1 29.05 .971 1.022 .986 1.004 

10 2000. 0. 25. 600. 2000. 25. 5.4 72.0 9.3 29.05 .976 1.019 .990 1.002 

11 1500. 0. 32. 600. 1500. 32. 4.2 73.0 9.3 29.05 .976 1.019 .990 1.005 

12 900. 0. 2. 1200. 900. 2. 1.0 73.0 9.1 29.05 .971 1.022 .988 1.004 

13 765. 0. 4. 1200. 765. 4. 1.0 72.0 9.0 29.04 .970 1.023 .992 1.002 

MODE  FROM 
WORK HC 

  GRAMS/HOUR   
CO   NOX  PART C02 

MODE 
WF 

POWER FUEL 
LB/HR 

WEIGHTED RESULTS  
  GRAMS/HOOR   
HC   CO   NOx   PART 

TOTAL  47.3 18.3 4.7 

C02 

1 94.0 4.30 54.7 536.7 19.78 58055. .077 7.2 3.11 .33 4.20 41.28 1.52 4466. 

2 64.0 8.94 226.4 355.3 19.51 42241. .077 4.9 2.28 .69 17.42 27.33 1.50 3249. 

3 72.0 5.01 125.1 360.5 10.39 39574. .077 5.5 2.13 .39 9.63 27.73 .80 3044. 

4 83.0 2.32 42.9 360.5 6.60 40940. .077 6.4 2.19 .18 3.30 27.73 .51 3149. 

5 55.0 2.99 59.8 148.5 10.88 28424. .077 4.2 1.53 .23 4.60 11.42 .84 2186. 

6 23.0 5.16 81.8 39.7 8.92 14001. .077 1.8 .76 .40 6.29 3.05 .69 1077. 

7 88.0 1.54 241.0 344.4 14.59 43796. .077 6.8 2.36 .12 18.54 26.49 1.12 3369. 

8 73.0 1.33 74.4 301.1 6.53 35269. .077 5.6 1.89 .10 5.72 23.16 .50 2713. 

9 43.0 1.47 26.1 138.6 4.68 21408. .077 3.3 1.15 .11 2.01 10.66 .36 1647. 

10 10.0 11.66 113.6 12.2 2.30 7566. .077 .8 .42 .90 8.74 .94 .18 582. 

11 9.0 5.36 48.1 7.2 1.66 6021. .077 .7 .33 .41 3.70 .55 .13 463. 

12 .0 5.26 29.5 1.8 .94 1392. .077 .0 .08 .40 2.27 .14 .07 107. 

13 1.0 6.34 34.4 1.1 1.09 1375. .077 .1 .08 .49 2.65 .09 .08 106. 

U  200.6   8.3  26159. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST 2D-3I RUN DIESEL 2D EM-. 2549-F 

ENGINE MODEL 98 MB OM 611 DATE 4/ 1/98 TIME HCR 1.84 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.866 H:.134 0: .000 X 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

C-B INTAKE AIR 

DENS . 6.935 

TAKüti ™ ""—■* 
.... 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOX PART. DRY 
RPM PCT LB-FT SEC RPM LB-FT LB/HR DEGF G/KG IN-HG HUM HUM WET F 

1 4200. 0. 117. 300. 4200. 117. 40.3 73.0 9.2 29.13 .973 1.020 .976 1.002 

2 4200. 0. 79. 300. 4200. 79. 29.6 73.0 9.2 29.13 .973 1.021 .980 1.003 

3 3400. 0. 111. 300. 3400. 111. 28.1 73.0 9.0 29.13 .970 1.023 .981 1.002 

4 ' 2600. 0. 166. 300. 2600. 166. 28.6 73.0 8.8 29.13 .966 1.026 .980 1.002 

5 2600. 0. 111. 300. 2600. 111. 20.5 73.0 8.6 29.13 .963 1.029 .983 1.002 

6 2300. 0. 52. 300. 2300. 52. 9.5 74.0 8.6 29.12 .963 1.029 .986 1.005 

7 2000. 0. 228. 300. 2000. 228. 30.4 73.0 8.5 29.12 .961 1.031 .978 1.002 

8 2000. 0. 188. 300. 2000. 188. 24.5 73.0 8.4 29.11 .959 1.032 .982 1.002 
9 2000. 0. 111. 300. 2000. 111. 15.0 73.0 8.3 29.10 .958 1.033 .985 1.002 

10 2000. 0. 25. 600. 2000. 25. 5.0 72.0 8.4 29.09 .959 1.032 .990 1.000 

11 1500. 0. 34. 600. 1500. 34. 4.4 72.0 8.1 29.09 .955 1.035 .990 1.000 

12 900. 0. 2. 1200. 900. 2. 1.0 73.0 8.2 29.08 .956 1.035 .990 1.003 

13 765. 0. 1. 1200. 768. 1. .9 76.0 8.7 29.06 .965 1.027 .992 1.012 

Xr.OOO 

MODE 
BHP 
FROM HODE POWER FUEL 

WEIGHTED RESULTS   

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 94.0 4.38 60.4 543.3 20.93 57870. .077 7.2 3.10 .34 4.65 41.79 1.61 4452. 

2 64.0 8.84 217.5 361.9 19.73 42265. .077 4.9 2.28 .68 16.73 27.84 1.52 3251. 

3 73.0 5.20 124.4 375.2 10.23 40162. .077 5.6 2.16 .40 9.57 28.86 .79 3089. 

4 83.0 2.27 47.0 365.1 6.81 41074. .077 6.4 2.20 .17 3.61 28.08 .52 3160. 

5 56.0 2.94 61.4 154.9 10.67 29385. .077 4.3 1.58 .23 4.72 11.92 .82 2260. 

6 23.0 5.30 79.7 39.8 8.71 13538. .077 1.8 .73 .41 6.13 3.06 .67 1041. 

7 87.0 1.57 240.4 341.9 14.02 43345. .077 6.7 2.34 .12 18.49 26.30 1.08 3334. 

8 72.0 .80 70.1 300.8 6.19 35145. .077 5.5 1.88 .06 5.40 23.14 .48 2703. 

9 43.0 .80 25.1 133.6 4.86 21483. .077 3.3 1.15 .06 1.93 10.28 .37 1653. 

10 10.0 6.48 82.1 17.6 3.29 7113. .077 .8 .39 .50 6.32 1.36 .25 547. 

11 10.0 2.28 28.3 19.8 2.51 6287. .077 .8 .34 .18 2.17 1.52 .19 484. 

12 1.0 1.56 25.9 9.8 .77 1348. .077 .1 .07 .12 1.99 .75 .06 104. 

13 .0 6.20 30.0 2.4 1.10 1206. .077 .0 .07 .48 2.31 .19 .08 93. 

TOTAL 47.4 18.3 3.7 84.0 205.1 8.4 26171. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST LS-1E RUN DIESEL LS EM-2539-F 

ENGINE MODEL 98 MB OH 611 DATE 3/11/98 TIME HCR 2.00 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.: 1 -R C:. 856 H:.144 0: .000 X: 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAI , DE 22 LA 

MEASURED C - B 

DENS. 6.768 

PI/MI 
TAKljfcl  iflijuvu am 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEHP HUMID BARO NOx PART. DRY 
RPM PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 118. 300. 4200. 118. 40.1 76.0 9.1 29.59 .971 1.022 .979 1.000 

2 4200. 0. 78. 300. 4200. 78. 28.1 75.0 9.4 29.59 .976 1.018 .984 .997 

3 3400. 0. 112. 300. 3400. 112. 27.9 75.0 9.5 29.58 .978 1.017 .985 .998 

4 2600. 0. 167. 300. 2600. 167. 28.2 75.0 9.5 29.57 .978 1.017 .984 .998 

5 2600. 0. 111. 300. 2600. 111. 20.0 75.0 9.4 29.56 .977 1.017 .987 .998 

6 2300. 0. 54. 300. 2300. 54. 9.9 76.0 9.1 29.55 .971 1.022 .987 1.001 

7 2000. 0. 224. 300. 2000. 224. 29.3 76.0 9.2 29.55 .973 1.021 .981 1.001 

8 2000. 0. 190. 300. 2000. 190. 24.3 76.0 9.0 29.54 .971 1.023 .986 1.001 

9 2000. 0. 110. 300. 2000. 110. 14.6 75.0 9.1 29.53 .971 1.022 .989 .998 

10 2000. 0. 25. 600. 2000. 25. 5.1 76.0 8.9 29.52 .968 1.024 .993 1.001 

11 1500. 0. 33. 600. 1500. 33. 5.1 75.0 8.5 29.52 .961 1.030 .992 .998 

12 900. 0. 2. 1200. 900. 2. 1.1 82.0 8.9 29.51 .967 1.025 .994 1.018 

13 765. 0. 2. 1200. 765. 2. .9 84.0 8.9 29.51 .968 1.024 .994 1.024 

MODE 
BHP 
FROH - 
KORK HC 

  GRAMS/HOUR   
CO   NOx  PART C02 

MODE 
WF 

POWER 
BHP 

FUEL 
LB/HR 

WEIGHTED RESULTS —- 
  GRAMS/HOUR 

HC   CO   NOX PART C02 

1 95.0 3.37 55.8 510.3 17.28 56951. .077 7.3 3.09 .26 4.30 39.26 1.33 4381. 

2 63.0 6.86 185.6 339.4 14.72 39634. .077 4.8 2.16 .53 14.28 26.11 1.13 3049. 

3 73.0 3.58 97.0 364.8 8.38 39457. .077 5.6 2.14 .28 7.46 28.06 .64 3035. 

4 83.0 1.78 38.6 347.1 5.12 40083. .077 6.4 2.17 .14 2.97 26.70 .39 3083. 

5 55.0 1.83 44.3 158.7 7.45 28302. .077 4.2 1.53 .14 3.41 12.21 .57 2177. 

6 24.0 1.77 45.0 45.2 6.62 13978. .077 1.8 .76 .14 3.46 3.48 .51 1075. 

7 86.0 .57 273.8 317.5 12.48 41186. .077 6.6 2.25 .04 21.06 24.42 .96 3168. 

8 73.0 .50 75.8 292.1 5.03 34415. .077 5.6 1.87 .04 5.83 22.47 .39 2647. 

9 42.0 .00 19.0 148.9 3.22 20783. .077 3.2 1.13 .00 1.46 11.45 .25 1599. 

10 9.0 2.13 49.5 13.4 1.72 7225. .077 .7 .40 .16 3.80 1.03 .13 556. 

11 9.0 1.32 24.1 7.3 2.02 7201. .077 .7 .39 .10 1.86 .56 .16 554. 

12 1.0 .37 11.5 3.1 .28 1557. .077 .1 .09 .03 .88 .24 .02 120. 

13 .0 1.23 8.8 3.4 .29 1307. .077 .0 .07 .09 .67 .26 .02 101. 

TOTAL     47.2   18.0 1.9      71.4     196.3        6.5      25544. 
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EPA  PNGV ENGINE EHISSION RESULTS PROJECT NO . 02-5137-434 

ENGINE NUMBER TEST LS-2E RON DIESEL LS EH-2539-F 
ENGINE MODEL 98 MB OH 611 DATE 3/16/98 TIHE HCR 2.05 

ENGINE  .0 L( 2. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:. 853 H:.147 0: 000 Xr.OOO 
ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 
ENGINE SERIAL DE 22 LA 

MEASURED C-B mivv  »Tt > -_— 

DENS. 6.726 

lAlÖJIii  inionxi AH t 

HODE SPEED LOAD TORQÜE TIHE SPEED ' FORQÜE FÜEL TEHP HÜHID BARO NOx PART. DRY 
RPH PCT LB-FT SEC RPH LB-FT LB/HR DEG F G/KG IN-BG HUH HUH WET F 

1 4200. 0. 118. 300. 4200. 118. 39.6 74.0 10.0 28.78 .987 1.010 .970 1.015 
2 4200. 0. 78. 300. 4200. 78. 29.5 73.0 10.0 28.78 .987 1.010 .975 1.012 
3 3400. 0. 111. 300. 3400. 111. 28.6 74.0 10.1 28.77 .989 1.008 .975 1.015 
4 2600. 0. 167. 300. 2600. 167. 29.8 74.0 9.4 28.78 .977 1.017 .974 1.014 
5 2600. 0. 112. 300. 2600. 112. 19.9 73.0 8.9 28.77 .968 1.024 .980 1.011 
6 2300. 0. 53. 300. 2300. 53. 9.8 73.0 9.2 28.76 .972 1.021 .983 1.011 
7 2000. 0. 224. 300. 2000. 224. 28.9 74.0 9.3 28.76 .975 1.019 .976 1.014 
8 2000. 0. 190. 300. 2000. 190. 24.6 74.0 9.3 28.76 .975 1.019 .978 1.015 
9 2000. 0. 111. 300. 2000. 111. 14.8 73.0 9.3 28.76 .975 1.019 .982 1.012 

10 2000. 0. 25. 600. 2000. 25. 5.2 74.0 9.4 28.76 .977 1.017 .986 1.015 
11 1500. 0. 34. 600. 1500. 34. 4.4 72.0 9.3 28.76 .975 1.019 .985 1.009 
12 900. 0. 2. 1200. 900. 2. 1.1 76.0 9.6 28.76 .981 1.014 .987 1.021 
13 765. 0. 4. 1200. 765. 4. 1.1 78.0 8.9 28.77 .968 1.024 .994 1.025 

KODE 
DÖT 

FROH -   GRAHS/HOÜR   HODE POWER FUEL 
WEIGHTED RESULTS  
  GRAHS/HOUR 

WORK HC CO NOx PART C02 HF BHP LB/HR HC CO NOx PART C02 

1 96.0 4.25 54.1 510.4 16.52 56024. .077 7.4 3.05 .33 4.16 39.26 1.27 4310. 
2 63.0 7.77 197.5 330.6 14.92 41475. .077 4.8 2.27 .60 15.19 25.43 1.15 3190. 
3 72.0 4.50 102.6 354.7 8.16 40293. .077 5.5 2.20 .35 7.89 27.28 .63 3099. 
4 84.0 2.19 38.5 350.0 5.14 42115. .077 6.5 2.29 .17 2.96 26.92 .40 3240. 

5 56.0 2.14 43.8 158.9 7.40 28181. .077 4.3 1.53 .16 3.37 12.22 .57 2168. 
6 24.0 2.83 46.5 43.2 6.48 13870. .077 1.8 .76 .22 3.57 3.32 .50 1067. 
7 86.0 1.65 297.4 312.4 13.53 40486. .077 6.6 2.22 .13 22.88 24.03 1.04 3114. 
8 73.0 .65 91.5 284.9 5.74 34701. .077 5.6 1.89 .05 7.04 21.92 .44 2669. 

9 42.0 .25 18.2 153.0 3.19 20910. .077 3.2 1.14 .02 1.40 11.77 .25 1608. 
10 9.0 3.18 49.1 11.7 1.67 7272. .077 .7 .40 .24 3.78 .90 .13 559. 

11 10.0 .00 21.0 9.0 1.45 6172. .077 .8 .34 .00 1.62 .69 .11 475. 
12 .0 .00 11.2 2.5 .24 1556. .077 .0 .09 .00 .86 .19 .02 120. 

13 1.0 .38 8.6 3.6 .28 1521. .077 .1 .08 .03 .66 .28 .02 117. 

TOTAL     47.4   18.2        2.3      75.4     194.2        6.5      25737. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV ENGINE EMISSION RESULTS PROJECT NO . 02-5137-43 

ENGINE NUMBER TEST LS-3E RUN DIESEL LS EM-2539-F 

ENGINE MODEL 98 MB OM 611 DATE 3/18/98 TIME HCR 2.05 

ENGINE .0 L( 2. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.853 H:. L47 0: 000 L'.OOO 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

C-B INTAKE All 

DENS . 6.726 

——— lAKbET ""*■ 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPH PCT LB-FT SEC 

300. 

RPM 

4200. 

LB-FT 

118. 

LB/HR 

41.0 

DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 118. 74.0 9.9 28.88 .986 1.011 .967 1.012 

2 4200. 0. 79. 300. 4200. 79. 30.2 74.0 9.3 28.88 .975 1.019 .970 1.012 

3 3400. 0. 111. 300. 3400. 111. 27.9 74.0 8.9 28.87 .968 1.025 .971 1.011 

4 2600. 0. 167. 300. 2600. 167. 28.6 75.0 8.6 28.87 .962 1.029 .972 1.014 

5 2600. 0. 111. 300. 2600. 111. 19.8 74.0 8.1 28.86 .955 1.036 .974 1.011 

6 2300. 0. 53. 300. 2300. 53. 9.9 73.0 8.2 28.86 .957 1.034 .979 1.008 

7 2000. 0. 224. 300. 2000. 224. 30.0 74.0 8.4 28.85 .959 1.032 .972 1.011 

8 2000. 0. 189. 300. 2000. 189. 25.0 74.0 8.4 28.85 .959 1.032 .973 1.011 

9 2000. 0. 112. 300. 2000. 112. 15.2 74.0 8.4 28.84 .959 1.032 .978 1.011 

10 2000. 0. 25. 600. 2000. 25. 5.5 73.0 8.6 28.84 .962 1.029 .981 1.009 

11 1500. 0. 33. 600. 1500. 33. 4.4 75.0 8.7 28.83 .965 1.027 .980 1.015 

12 900. 0. 1. 1200. 900. 1. 1.1 80.0 9.7 28.83 .982 1.014 .983 1.030 

13 765. 0. 4. 1200. 765. 4. 1.0 81.0 9.3 28.83 .974 1.020 .982 1.033 

BHP WEIGHTED RESULTS   
MODE FROH 

WORK HC 
  GRAMS/HOUR 

CO   NOx PART C02 
MODE 
WF 

POWER 
BHP 

FUEL 
LB/HR HC CO 

GRAMS/HOUR 
NOx PART C02 

1 95.0 4.29 55.1 513.8 16.49 57982. .077 7.3 3.15 .33 4.24 39.52 1.27 4460. 

2 64.0 6.51 178.3 341.5 14.47 42481. .077 4.9 2.32 .50 13.71 26.27 1.11 3268. 

3 72.0 3.93 96.4 356.1 8.43 39411. .077 5.5 2.15 .30 7.42 27.39 .65 3032. 

4 83.0 2.09 37.0 353.2 5.16 40492. .077 6.4 2.20 .16 2.85 27.17 .40 3115. 

5 55.0 1.84 43.1 148.0 7.69 27920. .077 4.2 1.52 .14 3.31 11.38 .59 2148. 

6 23.0 2.85 46.5 42.6 6.90 13974. .077 1.8 .76 .22 3.57 3.28 .53 1075. 

7 86.0 1.57 289.9 312.5 13.86 42064. .077 6.6 2.31 .12 22.30 24.04 1.07 3236. 

8 73.0 1.08 72.6 290.9 5.11 35263. .077 5.6 1.92 .08 5.59 22.38 .39 2713. 

9 43.0 .78 19.1 151.5 3.54 21466. .077 3.3 1.17 .06 1.47 11.66 .27 1651. 

10 10.0 3.35 51.5 13.1 1.79 7655. .077 .8 .42 .26 3.96 1.01 .14 589. 

11 10.0 1.81 22.7 8.6 1.60 6207. .077 .8 .34 .14 1.75 .66 .12 477. 

12 .0 .93 10.7 3.3 .25 1504. .077 .0 .08 .07 .82 .25 .02 116. 

13 1.0 1.27 10.9 2.8 .40 1357. .077 .1 .07 .10 .84 .21 .03 104. 

TOTAL 47.3 18.4 2.5 71.8 195.2 6.6 25983. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJ ECTNO. 02-5137-434 

ENGINE   NUMBER TEST   CARB-1E RUN DIESEL CARB EM-2540-F 

ENGINE MODEL 98 MB OH 611 DATE   3/24/98    TIME HCR 1.92 

ENGINE    2.2 L(134. CID) 14 CYL COMPUTER PROGRAM   SSDIL 1.3 -R C:. B61   H:.139   0:. 000   X:.000 

ENGINE CYCLE DIESEL CELL   4 BAG CART 2 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

MEASURED C - B 

DENS. 6.935 

TAKfcET «H«.— W — ~— IfliflM, Äifl v.o»_w 

MODE SPEED LOAD TORQUE TIHE SPEED   1 TORQUE FUEL TEMP HUMID BARO NOX PART. DRY 
RPM PCT LB-FT SEC RPH LB-FT LB/HR DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 118. 300. 4200. 118. 41.1 73.0 9.3 29.13 .975 1.019 .967 1.003 

2 4200. 0. 78. 300. 4200. 78. 29.2 73.0 8.6 29.13 .963 1.029 .972 1.002 

3 3400. 0. 111. 300. 3400. 111. 27.7 74.0 8.5 29.13 .962 1.030 .972 1.005 

4 2600. 0. 167. 300. 2600. 167. 28.2 73.0 8.7 29.13 .965 1.027 .972 1.002 

5 2600. 0. 111. 300. 2600. 111. 20.0 73.0 8.8 29.13 .966 1.026 .975 1.002 

6 2300. 0. 53. 300. 2300. 53. 9.7 74.0 9.0 29.13 .969 1.024 .979 1.005 

7 2000. 0. 228. 300. 2000. 228. 30.1 73.0 9.2 29.12 .973 1.021 .970 1.003 

8 2000. 0. 189. 300. 2000. 189. 23.4 74.0 9.0 29.12 .970 1.023 .974 1.005 

9 2000. 0. 110. 300. 2000. 110. 14.8 74.0 9.2 29.12 .973 1.021 .977 1.006 

10 2000. 0. 25. 600. 2000. 25. 5.3 71.0 9.0 29.12 .969 1.024 .981 .997 

11 1500. 0. 33. 600. 1500. 33. 4.5 72.0 8.4 29.11 .959 1.032 .982 .999 

12 900. 0. 2. 1200. 900. 2. 1.1 76.0 9.0 29.10 .971 1.023 .981 1.011 

13 765. 0. 4. 1200. 765. 4. 1.0 77.0 9.6 29.09 .981 1.014 .982 1.015 

MODE 
BHP 
FROM    -   GRAMS/HOUR   MODE POWER FUEL 

WEIGHTED RESULTS   
  GRAMS/HOUR 

WORK HC CO NOX PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 95.0 5.15 60.4 507.9 19.62 58617. .077 7.3 3.16 .40 4.64 39.07 1.51 4509. 

2 63.0 10.82 202.4 332.5 17.02 41444. .077 4.8 2.25 .83 15.57 25.57 1.31 3188. 

3 72.0 6.13 111.1 347.7 9.58 39409. .077 5.5 2.13 .47 8.55 26.75 .74 3031. 

4 84.0 2.55 43.0 345.6 6.86 40216. .077 6.5 2.17 .20 3.31 26.59 .53 3094. 

5 56.0 2.71 56.6 153.7 8.91 28478. .077 4.3 1.54 .21 4.35 11.83 .69 2191. 

6 23.0 4.75 72.5 38.9 7.25 13758. .077 1.8 .75 .37 5.58 2.99 .56 1058. 

7 87.0 1.36 256.4 327.0 13.56 42677. .077 6.7 2.32 .10 19.72 25.15 1.04 3283. 

8 72.0 1.08 68.8 289.2 5.86 33402. .077 5.5 1.80 .08 5.29 22.25 .45 2569. 

9 42.0 1.09 25.1 135.2 4.25 21200. .077 3.2 1.14 .08 1.93 10.40 .33 1631. 

10 10.0 9.21 98.6 11.6 1.39 7446. .077 .8 .41 .71 7.59 .89 .11 573. 

11 10.0 2.62 34.6 9.0 1.37 6357. .077 .8 .35 .20 2.66 .69 .11 489. 

12 1.0 3.28 27.0 2.8 .46 1482. .077 .1 .08 .25 2.08 .22 .04 114. 

13 1.0 2.99 28.2 2.1 .43 1445. .077 .1 .08 .23 2.17 .16 .03 111. 

TOTAL 47.4 18.2 4.1 83.4 192.6 7.4 25841. 
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EPA  PNGV ENGINE EMISSION RESULTS PROJECT NO . 02-5137-434 

ENGINE NUMBER TEST CARB-2E RUN DIESEL CARB EH-2540-F 

ENGINE MODEL 98 MB OM 611 DATE 3/26/98  TIME HCR 1.92 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.: t -R C:. 861 H:.139 0: 000 X:.000 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

MEASURED C - B 

DENS. 6.935 

TAKbfiT "-"■" 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPM PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 117. 300. 4200. 117. 40.4 73.0 9.3 29.19 .975 1.019 .967 1.001 

2 4200. 0. 79. 300. 4200. 79. 30.0 73.0 9.0 29.18 .970 1.023 .971 1.001 

3 3400. 0. 111. 300. 3400. 111. 27.8 73.0 8.8 29.18 .966 1.026 .971 1.001 

4 2600. 0. 167. 300. 2600. 167. 28.9 74.0 8.5 29.17 .961 1.031 .972 1.004 

5 2600. 0. 111. 300. 2600. 111. 20.1 73.0 8.6 29.17 .963 1.029 .975 1.001 

6 2300. 0. 53. 300. 2300. 53. 9.6 74.0 8.6 29.16 .963 1.029 .979 1.004 

7 2000. 0. 226. 300. 2000. 226. 29.8 74.0 9.0 29.14 .970 1.023 .971 1.005 

8 2000. 0. 189. 300. 2000. 189. 24.8 74.0 8.8 29.13 .967 1.026 .974 1.005 

9 2000. 0. 112. 300. 2000. 112. 15.2 74.0 8.4 29.12 .959 1.032 .977 1.005 

10 2000. 0. 26. 600. 2000. 26. 5.5 74.0 8.1 29.11 .955 1.035 .979 1.005 

11 2000. 0. 33. 600. 2000. 33. 4.5 75.0 8.2 29.10 .956 1.035 .981 1.008 

12 900. 0. 1. 1200. 900. 1. 1.0 81.0 9.2 29.09 .973 1.021 .982 1.026 

13 765. 0. 3. 1200. 765. 3. 1.0 83.0 9.2 29.08 .974 1.020 .983 1.032 

MODE 
BHP 

MODE POWER FUEL 
WEIGHTED RESULTS 

FROM 
WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 94.0 6.20 59.7 493.8 19.34 57752. .077 7.2 3.11 .48 4.59 37.99 1.49 4442. 

2 64.0 10.47 199.2 346.9 17.03 42612. .077 4.9 2.31 .81 15.32 26.68 1.31 3278. 

3 72.0 6.35 112.5 346.4 9.36 39557. .077 5.5 2.14 .49 8.65 26.65 .72 3043. 

4 84.0 2.96 43.0 349.4 6.38 41207. .077 6.5 2.22 .23 3.30 26.88 .49 3170. 

5 55.0 3.64 57.6 167.0 7.78 28659. .077 4.2 1.55 .28 4.43 12.84 .60 2205. 

6 23.0 5.27 70.6 40.2 3.68 13558. .077 1.8 .74 .41 5.43 3.09 .28 1043. 

7 87.0 1.89 269.3 320.0 14.21 42131. .077 6.7 2.29 .15 20.71 24.61 1.09 3241. 

8 72.0 1.59 87.3 283.4 6.48 35290. .077 5.5 1.91 .12 6.71 21.80 .50 2715. 

9 44.0 1.64 23.4 156.2 3.71 21672. .077 3.4 1.17 .13 1.80 12.02 .29 1667. 

10 10.0 9.71 92.0 14.5 1.46 7721. .077 .8 .42 .75 7.08 1.11 .11 594. 

11 10.0 4.09 38.1 8.2 1.34 6306. .077 .8 .34 .31 2.93 .63 .10 485. 

12 .0 4.96 27.4 2.1 .37 1418. .077 .0 .08 .38 2.10 .16 .03 109. 

13 1.0 2.58 16.0 4.8 .38 1354. .077 .1 .07 .20 1.23 .37 .03 104. 

TOTAL     47.4   18.3 4.7      84.3     194.8 7.0      26095. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV    ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER 
ENGINE MODEL 98 MB OH 611 
ENGINE 2.2 L(134. CID) 14 CYL 
ENGINE CYCLE DIESEL 
ENGINE SERIAL DE 22 LA 

TEST CARB-3E     RUN 
DATE 3/31/98 TIME 
COMPUTER PROGRAM SSDIL 1.3 -R 
CELL 4    BAG CART 1 

DIESEL CARB 
HCR 1.92 
C.-.861 H:.139 
ENGINE OIL 
DENS. 6.935 

EM-2540-F 

0:.000 Xr.OOO 

  TARGET   
MODE   SPEED LOAD TORQUE 

RPH PCT  LB-FT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

4200. 
4200. 
3400. 
2600. 
2600. 
2300. 
2000. 
2000. 
2000. 
2000. 
1500. 
900.  0. 
765.  0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

 MEASURED  C - B 
TIME SPEED TORQUE FUEL 
SEC  RPH  LB-FT LB/HR 

118. 300. 4200. 
79. 300. 4200. 
112. 300. 3400. 
166. 300. 2600. 
111. 300. 2600. 
53. 300. 2300. 
227. 300. 2000. 
189. 300. 2000. 
110. 300. 2000. 
25. 600. 2000. 
34. 600. 1500. 
3. 1200. 900. 
2. 1200. 762. 

118.  41.0 
79.  30.1 
112. 
166. 

227. 
189. 

34. 

28.8 
28.5 

111.  19.8 
53.  9.8 

30.6 
24.7 

110.  15.0 
25.  5.5 

4.5 
3.  1.1 
2.   .9 

  INTAKE AIR   
TEMP  HUMID BARO 
DEG F  G/KG  IN-HG 

73.0 
73.0 
73.0 
73.0 
73.0 
73.0 
73.0 
73.0 
73.0 
72.0 
72.0 
73.0 
74.0 

9.0 
8.8 
8.6 
8.8 
8.8 
9.0 
9.0 
8.9 
8.5 
8.4 
8.4 
8.5 
8.8 

29.06 
29.06 
29.05 
29.05 
29.05 
29.05 
29.04 
29.04 
29.03 
29.02 
29.01 
29.01 
28.99 

  FACTORS   
NOx  PART.  DRY 
HUM  HUH   WET   F 

.970 

.967 

.964 

.967 

.967 

.970 

.970 

.968 

.962 

.959 

.959 

.962 

.967 

1.023 
1.026 
1.028 
1.026 
1.026 
1.023 
1.023 
1.025 
1.030 
1.032 
1.032 
1.030 
1.025 

.978 

.981 

.983 

.983 

.986 

.986 

.982 

.984 

.987 

.991 

.992 

.994 

.993 

1.004 
1.004 
1.004 
1.004 
1.004 
1.004 
1.004 
1.004 
1.004 
1.001 
1.002 
1.005 
1.008 

MODE 
BHP 
FROM MODE POWER FUEL 

WEIGHTED RESULTS   

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 95.0 3.84 59.7 507.5 18.94 58499. .077 7.3 3.15 .30 4.59 39.04 1.46 4500. 

2 63.0 8.41 206.7 337.7 16.36 42719. .077 4.8 2.32 .65 15.90 25.97 1.26 3286. 

3 73.0 4.55 107.9 349.1 8.91 40977. .077 5.6 2.21 .35 8.30 26.85 .69 3152. 

4 83.0 2.37 42.3 339.1 6.12 40763. .077 6.4 2.20 .18 3.26 26.08 .47 3136. 

5 56.0 2.93 57.4 161.2 8.42 28189. .077 4.3 1.52 .23 4.41 12.40 .65 2168. 

6 23.0 4.78 69.0 39.0 7.26 13867. .077 1.8 .75 .37 5.31 3.00 .56 1067. 

7 87.0 1.99 260.3 324.2 13.67 43296. .077 6.7 2.35 .15 20.02 24.93 1.05 3330. 

8 73.0 1.38 90.8 282.7 6.45 35139. .077 5.6 1.90 .11 6.99 21.75 .50 2703. 

9 42.0 1.31 25.5 139.6 3.67 21457. .077 3.2 1.16 .10 1.96 10.74 .28 1651. 

10 10.0 11.19 104.4 11.6 1.33 7690. .077 .8 .42 .86 8.03 .89 .10 592. 

11 10.0 3.26 35.5 9.0 1.08 6413. .077 .8 .35 .25 2.73 .69 .08 493. 

12 1.0 2.30 28.3 2.0 .29 1550. .077 .1 .09 .18 2.18 .15 .02 119. 

13 .0 2.32 24.6 1.7 .37 1222. .077 .0 .07 .18 1.89 .13 .03 94. 

TOTAL 47.4 18.5 3.9 85.6 192.6 7.1 26291. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE   NUMBER TEST   B20-1E RUN DIESEL B20 EH-2565-F 

ENGINE MODEL 98 MB OH 611 DATE   3/12/98    TIME HCR 1.99 

ENGINE    2.2 L(134. CID) 14 CYL COMPUTER PROGRAH   SSDIL 1.3 -R C:. 837   H:.140   0: .023   X: 

ENGINE CYCLE DIESEL CELL   4 BAG CART 1 ENGINE OIL 

ENGINE SERIAI ,   DE 22 LA 

MEASURED C - B 

DENS. 6.893 

TAKÜET »—«•  lfllÄML Alt 

MODE SPEED LOAD TORQUE TIHE SPEED rORQUE FUEL TEHP HUMID BARO NOX PART. DRY 
RPM PCT LB-FT SEC 

300. 

RPM 

4200. 

LB-FT 

118. 

LB/HR 

40.2 

DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 118. 75.0 10.9 29.63 1.004 .997 .979 .998 

2 4200. 0. 79. 300. 4200. 79. 29.8 75.0 9.7 29.63 .981 1.014 .983 .997 

3 3400. 0. 111. 300. 3400. 111. 27.9 75.0 9.7 29.62 .981 1.014 .983 .997 

4 2600. 0. 166. 300. 2600. 166. 28.5 74.0 9.6 29.62 .980 1.015 .983 .994 

5 2600. 0. 110. 300. 2600. 110. 19.7 68.0 9.4 29.62 .976 1.018 .986 .977 

6 2300. 0. 53. 300. 2300. 53. 9.9 75.0 9.4 29.61 .977 1.017 .990 .997 

7 2000. 0. 224. 300. 2000. 224. 28.5 75.0 9.5 29.61 .978 1.017 .984 .997 

8 2000. 0. 189. 300. 2000. 189. 24.3 74.0 9.4 29.60 .977 1.017 .985 .994 

9 2000. 0. 112. 600. 2000. 112. 6.9 74.0 9.2 29.59 .973 1.021 .988 .994 

10 2000. 0. 25. 600. 2000. 25. 5.0 75.0 9.4 29.59 .976 1.018 .992 .997 

11 1500. 0. 33. 600. 1500. 33. 4.3 75.0 9.4 29.58 .976 1.018 .992 .998 

12 900. 0. 3. 1200. 900. 3. 1.1 75.0 8.8 29.58 .967 1.026 .993 .997 

13 765. 0. 4. 1200. 765. 4. 1.0 78.0 8.7 29.56 .965 1.027 .991 1.006 

MODE 
BHP 
FROH     -   GRAMS/HOUR   MODE POWER FUEL 

WEIGHTED RESULTS   
  GRAMS/HOUR 

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 95.0 .00 52.5 527.4 13.34 55831. .077 7.3 3.09 .00 4.04 40.57 1.03 4295. 

2 63.0 7.51 204.8 351.8 13.09 41145. .077 4.8 2.29 .58 15.75 27.06 1.01 3165. 

3 72.0 4.69 105.4 365.7 7.60 38606. .077 5.5 2.15 .36 8.10 28.13 .58 2970. 

4 82.0 1.91 37.9 356.9 4.22 39622. .077 6.3 2.20 .15 2.91 27.45 .32 3048. 

5 54.0 1.61 44.5 146.2 6.92 27283. .077 4.2 1.51 .12 3.42 11.24 .53 2099. 

6 24.0 2.98 47.5 43.6 9.55 13645. .077 1.8 .76 .23 3.65 3.35 .73 1050. 

7 86.0 1.30 209.4 332.2 9.46 39247. .077 6.6 2.19 .10 16.11 25.55 .73 3019. 

8 73.0 .61 58.9 300.3 3.82 33725. .077 5.6 1.87 .05 4.53 23.10 .29 2594. 

9 43.0 .57 9.0 70.1 1.40 9596. .077 3.3 .53 .04 .69 5.39 .11 738. 

10 9.0 3.66 51.6 12.8 1.62 6890. .077 .7 .39 .28 3.97 .98 .12 530. 

11 9.0 2.41 21.6 10.4 1.42 5911. .077 .7 .33 .19 1.66 .80 .11 455. 

12 .0 2.37 13.8 3.4 .27 1489. .077 .0 .08 .18 1.06 .26 .02 115. 

13 1.0 2.00 9.9 4.2 .31 1379. .077 .1 .08 .15 .76 .32 .02 106. 

.000 

TOTAL     47.0   17.5 2.4      66.7     194.2        5.6      24182. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST B20-2E RUN DIESEL B20 EM-2565-F 
ENGINE MODEL 98 MB OM 611 DATE 3/23/98  TIME HCR 1.99 
ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.837 H:.] L40 0: .023 X 
ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 
ENGINE SERIAL DE 22 LA 

C-B INTAKE All 

DENS >. 6.893 

IWDC 
IAKVJEII """"" 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOX PART. DRY 
RPH PCT LB-FT SEC RPM LB-FT LB/HR DEG F 

75.0 

G/KG 

9.6 

IN-HG 

29.19 

HUH HUM WET F 

1 4200. 0. 116. 300. 4200. 116. 42.6 .980 1.015 .972 1.007 
2 4200. 0. 78. 300. 4200. 78. 30.5 75.0 9.6 29.18 .980 1.015 .977 1.007 
3 3400. 0. 112. 300. 3400. 112. 29.0 75.0 9.3 29.18 .975 1.019 .977 1.007 
4 2600. 0. 167. 300. 2600. 167. 29.8 75.0 8.7 29.17 .965 1.028 .974 1.007 
5 2600. 0. 112. 300. 2600. 112. 20.5 75.0 8.7 29.16 .965 1.028 .980 1.007 
6 2300. 0. 52. 300. 2300. 52. 10.0 75.0 8.8 29.15 .967 1.026 .982 1.007 
7 2000. 0. 220. 300. 2000. 220. 30.0 75.0 9.0 29.15 .969 1.024 .975 1.008 
8 2000. 0. 190. 300. 2000. 190. 25.1 75.0 9.0 29.14 .969 1.024 .977 1.008 
9 2000. 0. 110. 300. 2000. 110. 15.2 76.0 8.8 29.13 .966 1.026 .981 1.011 

10 2000. 0. 25. 600. 2000. 25. 5.2 75.0 9.0 29.13 .970 1.023 .985 1.008 
11 1500. 0. 33. 600. 1500. 33. 4.5 75.0 8.7 29.11 .965 1.027 .984 1.008 
12 900. 0. 1. 1200. 900. 1. 1.0 80.0 9.0 29.10 .969 1.024 .985 1.023 
13 765. 0. 1. 1200. 765. 1. .9 83.0 8.8 29.10 .967 1.026 .986 1.031 

.000 

BHP WEIGHTED RESULTS   
MODE FROM   GRAMS/HOUR MODE POWER FUEL GRAMS/HOUR 

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 94.0 4.82 54.3 526.7 14.66 59137. .077 7.2 3.28 .37 4.18 40.52 1.13 4549 
2 63.0 8.97 194.0 355.9 13.87 42045. .077 4.8 2.34 .69 14.93 27.38 1.07 3234 
3 73.0 4.98 94.0 380.2 6.99 40109. .077 5.6 2.23 .38 7.23 29.25 .54 3085 

4 83.0 2.28 38.2 363.4 4.57 41358. .077 6.4 2.29 .18 2.94 27.96 .35 3181 
5 56.0 2.30 46.8 172.9 6.40 28466. .077 4.3 1.58 .18 3.60 13.30 .49 2190 

6 23.0 3.36 48.1 43.9 6.04 13822. .077 1.8 .77 .26 3.70 3.38 .46 1063 
7 85.0 1.98 237.9 324.3 10.23 41376. .077 6.5 2.31 .15 18.30 24.95 .79 3183 
8 73.0 1.57 79.0 300.6 4.44 34778. .077 5.6 1.93 .12 6.08 23.12 .34 2675 
9 42.0 .98 22.6 158.0 3.08 21046. .077 3.2 1.17 .08 1.74 12.15 .24 1619 

10 9.0 3.86 50.8 11.7 1.65 7200. .077 .7 .40 .30 3.91 .90 .13 554 
11 10.0 1.78 22.8 9.5 1.55 6236. .077 .8 .35 .14 1.75 .73 .12 480 
12 .0 1.41 14.1 1.3 .31 1343. .077 .0 .08 .11 1.09 .10 .02 103 
13 .0 1.96 13.0 1.5 .36 1204. .077 .0 .07 .15 1.00 .11 .03 93 

TOTAL 47.0 18.8 3.1 70.4 203.9 5.7 26009 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST B20-3E RUN DIESEL B20 EM-2565-F 

ENGINE MODEL 98 MB OM 611 DATE 3/25/98  TIME HCR 1.99 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.837 H:J L40 0: .023 X 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

C - B INTAKE All 

DENS . 6.893 

TAKW5T — »w [ „_„ 

IODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPH PCT LB-FT SEC 

300. 

RPH 

4200. 

LB-FT 

117. 

LB/HR 

40.5 

DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 117. 73.0 9.0 29.17 .970 1.023 .968 1.002 

2 4200. 0. 78. 300. 4200. 78. 30.2 73.0 8.8 29.16 .966 1.026 .971 1.001 

3 3400. 0. 111. 300. 3400. 111. 29.3 73.0 8.8 29.15 .967 1.026 .972 1.002 

4 2600. 0. 167. 300. 2600. 167. 29.7 73.0 8.8 29.15 .967 1.026 .968 1.002 

5 2600. 0. 112. 300. 2600. 112. 20.6 73.0 8.8 29.15 .967 1.026 .973 1.002 

6 2300. 0. 53. 300. 2300. 53. 10.1 73.0 9.0 29.15 .970 1.023 .977 1.002 

7 2000. 0. 222. 300. 2000. 222. 30.3 73.0 8.7 29.14 .965 1.027 .971 1.002 

8 2000. 0. 189. 300. 2000. 189. 25.1 73.0 8.5 29.14 .961 1.031 .973 1.002 

9 2000. 0. 112. 300. 2000. 112. 14.9 74.0 8.1 29.14 .955 1.035 .976 1.004 

10 2000. 0. 25. 600. 2000. 25. 5.6 73.0 8.3 29.13 .958 1.033 .981 1.002 

11 1500. 0. 34. 600. 1500. 34. 4.5 74.0 8.5 29.12 .961 1.031 .981 1.005 

12 900. 0. 1. 1200. 900. 1. 1.1 78.0 9.2 29.12 .973 1.021 .980 1.017 

13 765. 0. 2. 1200. 768. 2. .9 80.0 9.3 29.11 .975 1.019 .983 1.023 

.000 

BHP WEIGHTED RESULTS  

MODE FROM   GRAMS/HOUR MODE POWER FUEL  ( 3RAMS/H0UR 

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 94.0 5.16 51.4 511.9 14.04 56278. .077 7.2 3.12 .40 3.95 39.38 1.08 4329. 

2 62.0 8.47 195.2 341.2 12.98 41647. .077 4.8 2.32 .65 15.02 26.25 1.00 3204. 

3 72.0 5.05 101.9 364.7 6.82 40524. .077 5.5 2.25 .39 7.84 28.05 .52 3117. 

4 84.0 2.42 36.3 359.1 4.43 41221. .077 6.5 2.28 .19 2.79 27.63 .34 3171. 

5 57.0 .73 43.0 173.0 5.93 28632. .077 4.4 1.59 .06 3.31 13.31 .46 2202. 

6 23.0 3.53 46.7 42.3 5.56 13913. .077 1.8 .77 .27 3.59 3.25 .43 1070. 

7 85.0 1.96 239.6 321.3 10.21 41824. .077 6.5 2.33 .15 18.43 24.71 .79 3217. 

8 72.0 1.58 65.4 300.5 3.91 34858. .077 5.5 1.93 .12 5.03 23.11 .30 2681. 

9 43.0 1.16 18.0 151.1 3.12 20711. .077 3.3 1.15 .09 1.39 11.62 .24 1593. 

10 10.0 3.56 50.4 14.0 1.57 7726. .077 .8 .43 .27 3.88 1.07 .12 594. 

11 10.0 2.30 21.9 10.2 1.53 6277. .077 .8 .35 .18 1.68 .79 .12 483. 

12 .0 2.13 14.3 3.1 .30 1460. .077 .0 .08 .16 1.10 .24 .02 112. 

13 .0 2.59 14.1 2.7 .30 1249. .077 .0 .07 .20 1.09 .21 .02 96. 

TOTAL     47.1   18.7        3.1      69.1     199.6        5.4      25871. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EHISSIOHS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST FT20-1E RUN DIESEL FT20 EM-2564-F 

ENGINE MODEL 98 MB OH 611 DATE 3/ 9/98 TIHE HCR 2.05 

ENGINE  .0 L( 2. CID) 14 CYL COHPÜTER PROGRAM SSDIL 1.3 -R C:. 853 H:.147 0: 000 X:. 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

MEASURED C - B 

DENS. 6.726 

rtap 
TAKbfiT —-- nutted air t 

MODE SPEED LOAD TORQUE TIHE SPEED TORQUE FUEL TEHP HUMID BARO NOx PART. DRY 
RPM per LB-FT SEC RPM LB-FT LB/HR DEG F 

75.0 

G/KG IN-HG HUH HUH WET F 

1 4200. 0. 116. 300. 4200. 116. 37.2 9.9 29.42 .985 1.011 .980 1.002 

2 4200. 0. 79. 300. 4200. 79. 27.7 75.0 10.0 29.42 .987 1.010 .985 1.002 

3 3400. 0. 111. 300. 3400. 111. 26.0 75.0 10.0 29.42 .988 1.009 .985 1.002 

4 2600. 0. 167. 300. 2600. 167. 27.0 74.0 10.0 29.42 .988 1.009 .985 .999 

5 2600. 0. 112. 300. 2600. 112. 19.0 74.0 10.0 29.42 .987 1.010 .986 .999 

6 2300. 0. 53. 300. 2300. 53. 9.0 75.0 10.0 29.41 .988 1.009 .993 1.002 

7 20OO. 0. 227. 300. 2000. 227. 29.8 75.0 9.5 29.41 .979 1.016 .984 1.002 

8 2000. 0. 190. 300. 2000. 190. 24.2 74.0 8.9 29.40 .969 1.024 .987 .999 

9 2000. 0. 111. 300. 2000. 111. 14.0 73.0 9.2 29.40 .974 1.020 .991 .996 

10 2000. 0. 25. 600. 2000. 25. 4.9 74.0 9.4 29.39 .977 1.017 .994 .999 
11 1500. 0. 34. 600. 1500. 34. 4.1 73.0 9.5 29.38 .979 1.016 .994 .997 

12 900. 0. 2. 1200. 900. 2. 1.0 74.0 9.4 29.37 .977 1.017 .996 1.000 

13 765. 0. 3. 1200. 766. 3. .9 73.0 9.9 29.36 .986 1.011 .996 .998 

BHP 
MODE POWER FUEL 

WEIGHTED RESULTS 

MODE FROM 
WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 94.0 3.92 49.2 483.2 15.50 52627. .077 7.2 2.86 .30 3.79 37.17 1.19 4048. 

2 64.0 6.99 184.0 325.0 14.10 38978. .077 4.9 2.13 .54 14.15 25.00 1.08 2998. 

3 72.0 3.72 97.2 347.1 7.48 36710. .077 5.5 2.00 .29 7.48 26.70 .58 2824. 

4 83.0 1.35 37.3 334.5 4.65 38162. .077 6.4 2.07 .10 2.87 25.73 .36 2936. 

5 56.0 1.74 41.1 135.6 7.54 26835. .077 4.3 1.46 .13 3.16 10.43 .58 2064. 

6 24.0 3.07 44.0 39.9 6.40 12713. .077 1.8 .69 .24 3.38 3.07 .49 978. 

7 87.0 1.43 247.1 315.9 11.27 41789. .077 6.7 2.29 .11 19.01 24.30 .87 3215. 

8 73.0 1.09 75.2 281.3 5.02 34194. .077 5.6 1.86 .08 5.78 21.64 .39 2630. 

9 42.0 .67 17.6 133.5 3.31 19765. .077 3.2 1.07 .05 1.35 10.27 .25 1520. 

10 10.0 3.43 45.4 10.7 1.67 6858. .077 .8 .38 .26 3.49 .82 .13 528. 

11 10.0 1.29 21.8 7.8 1.66 5818. .077 .8 .32 .10 1.67 .60 .13 448. 

12 .0 .00 9.2 3.3 .26 1354. .077 .0 .07 .00 .71 .26 .02 104. 

13 1.0 .70 8.3 3.7 .27 1327. .077 .1 .07 .05 .64 .29 .02 102. 

TOTAL 47.4 17.3 2.3 67.5 186.3 6.1 24395. 

000 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV    ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE »UMBER TEST FT20-2E RON DIESEI FT20 EM- 2564-F 
ENGINE MODEL 98 MB OH 611 DATE 3/17/98  TIME HCI \   2.05 
ENGINE  .0 L( 2. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:. 853 H:.147 0: .000 X: 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

MEASURE C-B 

DENS. 6.726 

TAKÜJ5T M — — 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPH PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 117. 300. 4200. 117. 39.4 73.0 9.7 28.95 .982 1.014 .973 1.007 

2 4200. 0. 79. 300. 4200. 79. 29.5 73.0 9.4 28.95 .976 1.018 .977 1.007 

3 3400. 0. 11. 300. 3400. 11. 27.6 73.0 8.9 28.95 .967 1.025 .977 1.007 

4 2600. 0. 167. 300. 2600. 167. 29.4 73.0 9.1 28.94 .971 1.022 .978 1.007 

5 2600. 0. 111. 300. 2600. 111. 19.9 73.0 9.0 28.94 .970 1.023 .982 1.007 

6 2300. 0. 53. 300. 2300. 53. 9.6 73.0 9.2 28.93 .974 1.020 .982 1.007 

7 2000. 0. 225. 300. 2000. 225. 29.3 73.0 9.6 28.93 .980 1.015 .975 1.008 

8 2000. 0. 190. 300. 2000. 190. 24.3 73.0 9.4 28.92 .976 1.018 .976 1.008 

9 2000. 0. 112. 300. 2000. 112. 14.7 73.0 9.4 28.92 .976 1.018 .983 1.008 

10 2000. 0. 26. 600. 2000. 26. 5.5 72.0 8.9 28.92 .968 1.025 .987 1.005 

11 1500. 0. 33. 600. 1500. 33. 4.2 71.0 8.4 28.91 .960 1.031 .986 1.001 

12 900. 0. 2. 1200. 900. 2. 1.0 74.0 9.1 28.91 .972 1.022 .988 1.011 

13 765. 0. 3. 1200. 764. 3. .9 77.0 9.4 28.89 .976 1.018 .988 1.020 

MODE 
BHP 
FRO» -   GKANS/HOUR   MODE POWER FUEL 

WEIGHTED RESULTS   
  GRAMS/HOUR 

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 94.0 4.12 51.3 501.9 14.86 55709. .077 7.2 3.03 .32 3.94 38.60 1.14 4285. 

2 63.0 5.82 174.4 335.0 14.14 41572. .077 4.8 2.27 .45 13.41 25.77 1.09 3198. 

3 71.0 3.81 95.0 342.4 6.36 38961. .077 5.5 2.12 .29 7.31 26.34 .49 2997. 

4 83.0 2.00 37.4 342.9 4.82 41603. .077 6.4 2.26 .15 2.87 26.38 .37 3200. 

5 55.0 1.88 44.1 147.6 7.42 28072. .077 4.2 1.53 .14 3.39 11.35 .57 2159. 

6 23.0 2.83 46.1 40.6 6.23 13456. .077 1.8 .73 .22 3.54 3.12 .48 1035. 

7 87.0 1.43 269.4 318.7 11.98 41134. .077 6.7 2.26 .11 20.72 24.52 .92 3164. 

8 73.0 1.12 91.5 285.1 5.36 34264. .077 5.6 1.87 .09 7.04 21.93 .41 2636. 

9 43.0 .89 21.4 142.4 3.25 20849. .077 3.3 1.13 .07 1.64 10.96 .25 1604. 

10 10.0 3.26 47.8 10.9 1.74 7684. .077 .8 .42 .25 3.68 .84 .13 591. 

11 10.0 2.21 22.0 7.3 1.56 5933. .077 .8 .32 .17 1.69 .56 .12 456. 

12 .0 .21 10.1 2.8 .23 1372. .077 .0 .08 .02 .78 .21 .02 106. 

13 1.0 .00 9.2 3.1 .25 1205. .077 .1 .07 .00 .71 .24 .02 93. 

.000 

TOTAL  47.2 18.1 2.3  70.7  190.8   6.0  25524. 

B-16 



SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV ENGINE EMISSION RESULTS PROJECT NO 02-5137-434 

ENGINE NUMBER TEST FT20-3E RON DIESEL FT20 EM-2564-F 
ENGINE MODEL 98 MB OH 611 DATE 3/30/98 TIME HCR 2.05 
ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.853   H:.147  0: 000   Xr.OOO 
ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 
ENGINE SERIAL DE 22 LA 

C - B INTAKE AIR 

DENS . 6.726 

lAKVatl ~ 
MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 

RPM PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG BUM HUM WET F 

1 4200. 0. 117. 300. 4200. 117. 39.4 72.0 9.4 28.72 .977 1.017 .964 1.010 
2 4200. 0. 78. 300. 4200. 78. 28.9 73.0 9.4 28.72 .977 1.017 .968 1.013 
3 3400. 0. 111. 300. 3400. 111. 26.7 73.0 9.4 28.71 .977 1.017 .969 1.013 
4 2600. 0. 167. 300. 2600. 167. 28.4 73.0 9.1 28.70 .972 1.022 .968 1.013 
5 2600. 0. 111. 300. 2600. 111. 19.4 72.0 8.8 28.69 .967 1.026 .971 1.010 
6 2300. 0. 52. 300. 2300. 52. 9.4 73.0 8.6 28.69 .963 1.029 .974 1.013 
7 2000. 0. 227. 300. 2000. 227. 29.4 73.0 8.6 28.68 .964 1.028 .965 1.013 
8 2000. 0. 190. 300. 2000. 190. 25.1 73.0 8.5 28.67 .961 1.030 .966 1.013 
9 2000. 0. 111. 300. 2000. 111. 14.0 73.0 8.3 28.67 .957 1.034 .970 1.013 

10 2000. 0. 24. 600. 2000. 24. 4.9 72.0 8.2 28.66 .956 1.035 .974 1.010 
11 1500. 0. 34. 600. 1500. 34. 4.4 74.0 8.3 28.65 .958 1.033 .975 1.016 
12 900. 0. 2. 1200. 900. 2. 1.0 80.0 9.4 28.64 .976 1.018 .978 1.035 
13 765. 0. 3. 1200. 765. 3. .8 82.0 9.3 28.63 .976 1.019 .978 1.041 

BHP WEIGHTED RESULTS 
MODE FROM tAHS/HOOR MODE POWER FUEL RAMS/HOUR 

KORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 94.0 4.85 52.3 502.1 15.66 55754. .077 7.2 3.03 .37 4.03 38.62 1.20 4289. 
2 63.0 7.92 191.5 330.3 13.95 40563. .077 4.8 2.22 .61 14.73 25.41 1.07 3120. 

3 72.0 4.58 94.1 352.5 7.44 37731. .077 5.5 2.06 .35 7.24 27.11 .57 2902. 
4 84.0 2.24 36.9 346.8 4.94 40186. .077 6.5 2.18 .17 2.83 26.68 .38 3091. 
5 56.0 2.24 41.1 143.2 7.43 27490. .077 4.3 1.50 .17 3.16 11.02 .57 2115. 
6 23.0 3.19 44.8 40.0 6.02 13287. .077 1.8 .73 .25 3.45 3.08 .46 1022. 
7 87.0 1.93 246.2 319.6 12.01 41297. .077 6.7 2.26 .15 18.94 24.58 .92 3177. 
8 73.0 1.64 70.7 290.8 4.81 35404. .077 5.6 1.93 .13 5.44 22.37 .37 2723. 

9 43.0 1.16 17.7 137.8 3.07 19746. .077 3.3 1.07 .09 1.36 10.60 .24 1519. 
10 9.0 4.01 47.1 10.1 1.39 6920. .077 .7 .38 .31 3.62 .77 .11 532. 

11 10.0 2.19 21.9 7.1 1.54 6204. .077 .8 .34 .17 1.68 .54 .12 477. 
12 1.0 1.40 11.5 1.7 .23 1340. .077 .1 .07 .11 .88 .13 .02 103. 
13 1.0 .00 10.6 .4 .21 1153. .077 .1 .06 .00 .81 .03 .02 89. 

TOTAL  47.4 17.8 2.9  68.2  190.9   6.1  25159. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV    ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST FT100-1E RON DIESEL FT100 EM-2563-F 
ENGINE MODEL 98 MB OM 611 DATE 3/10/98  TIME HCF 2.14 
ENGINE  .0 L( 2. CID) 14 CYL COMPUTER PROGRAH SSDIL 1.3 -R C:. 848 H.-.152 0: .000 X: 
ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAI , DE 22 LA 

MEASURED C - B 

DENS. 6.518 

1AKWY1 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPH PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 118. 300. 4200. 118. 37.7 75.0 9.7 29.65 .981 1.014 .981 .996 

2 4200. 0. 78. 300. 4200. 78. 27.2 74.0 9.7 29.65 .981 1.014 .985 .993 

3 3400. 0. 111. 300. 3400. 111. 26.1 75.0 9.7 29.65 .981 1.014 .986 .996 

4 2600. 0. 167. 300. 2600. 167. 26.3 75.0 9.7 29.65 .981 1.014 .985 .996 

5 2600. 0. 111. 300. 2600. 111. 18.9 75.0 9.7 29.65 .981 1.014 .989 .996 

6 2300. 0. 53. 300. 2300. 53. 9.0 75.0 9.8 29.64 .984 1.012 .993 .997 

7 2000. 0. 226. 300. 2000. 226. 28.0 76.0 9.8 29.64 .984 1.012 .984 1.000 

8 2000. 0. 190. 300. 2000. 190. 23.9 74.0 9.7 29.63 .981 1.014 .986 .994 

9 2000. 0. 111. 300. 2000. 111. 14.0 74.0 9.7 29.63 .981 1.014 .990 .994 
10 2000. 0. 26. 600. 2000. 26. 5.0 75.0 9.8 29.62 .984 1.012 .994 .997 

11 1500. 0. 34. 600. 1500. 34. 4.1 76.0 9.4 29.61 .976 1.018 .994 1.000 
12 900. 0. 1. 1200. 900. 1. .9 75.0 9.2 29.60 .973 1.021 .996 .997 
13 765. 0. 4. 1200. 765. 4. .9 75.0 9.8 29.58 .984 1.012 .996 .998 

MODE 
BHP 

MODE POWER FUEL 
WEIGHTED RESULTS 

FKOH 
WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 94.0 3.54 48.8 488.0 13.13 53013. .077 7.2 2.90 .27 3.75 37.54 1.01 4078. 

2 63.0 6.24 181.5 313.5 12.37 38005. .077 4.8 2.09 .48 13.96 24.12 .95 2923. 

3 72.0 3.69 86.7 344.9 6.75 36600. .077 5.5 2.01 .28 6.67 26.53 .52 2815. 
4 83.0 1.79 34.7 338.8 4.13 36934. .077 6.4 2.02 .14 2.67 26.06 .32 2841. 

5 55.0 1.28 37.2 143.9 6.24 26560. .077 4.2 1.45 .10 2.86 11.07 .48 2043. 
6 23.0 2.34 38.3 42.7 4.85 12632. .077 1.8 .69 .18 2.95 3.29 .37 972. 

7 86.0 1.47 212.8 323.1 8.45 39103. .077 6.6 2.15 .11 16.37 24.85 .65 3008. 

8 73.0 1.05 72.6 283.5 4.28 33589. .077 5.6 1.84 .08 5.59 21.81 .33 2584. 

9 43.0 .47 17.3 140.3 2.69 19658. .077 3.3 1.07 .04 1.33 10.79 .21 1512. 

10 10.0 2.65 35.4 11.9 1.51 7041. .077 .8 .39 .20 2.72 .92 .12 542. 

11 10.0 1.30 18.5 8.1 1.30 5802. .077 .8 .32 .10 1.42 .62 .10 446. 

12 .0 .41 8.3 2.8 .24 1299. .077 .0 .07 .03 .64 .22 .02 100. 

13 .0 .43 5.4 3.2 .27 1193. .077 .0 .07 .03 .41 .25 .02 92. 

TOTAL 47.1 17.1 2.0 61.3 188.1 5.1 23956. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST FT100-2E RUN DIESEL FT100 EH-2563-F 

ENGINE MODEL 98 MB OM 611 DATE 3/13/98  TIME HCR 2.14 

ENGINE .0 L( 2. CID) 14 CYL COMPUTER PROGRAN SSDIL 1.3 -R C:.848   H:.152   0: 000 X 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

C-B INTAKE AIR 

DENS . 6.518 

lUSabl «— 

ODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPM PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUH WET F 

1 4200. 0. 118. 300. 4200. 118. 39.1 75.0 10.0 29.44 .988 1.009 .973 1.002 

2 4200. 0. 79. 300. 4200. 79. 27.8 75.0 10.2 29.44 .992 1.006 .978 1.002 

3 3400. 0. 112. 300. 3400. 112. 27.0 75.0 9.9 29.44 .985 1.011 .978 1.001 

4 2600. 0. 167. 300. 2600. 167. 27.8 75.0 9.1 29.44 .972 1.022 .976 1.001 

5 2600. 0. 111. 300. 2600. 111. 19.1 75.0 9.5 29.44 .978 1.017 .981 1.001 

6 2300. 0. 53. 300. 2300. 53. 8.9 75.0 9.2 29.43 .973 1.020 .984 1.001 

7 2000. 0. 224. 300. 2000. 224. 28.7 75.0 9.4 29.43 .977 1.017 .976 1.001 

8 2000. 0. 190. 300. 2000. 190. 23.4 74.0 9.4 29.43 .977 1.017 .977 .998 

9 2000. 0. 112. 300. 2000. 112. 14.5 75.0 9.2 29.42 .973 1.020 .982 1.001 

10 2000. 0. 25. 600. 2000. 25. 4.9 76.0 9.4 29.42 .977 1.017 .986 1.004 

11 1500. 0. 33. 600. 1500. 33. 4.3 74.0 9.5 29.40 .979 1.016 .985 .999 

12 900. 0. 2. 1200. 900. 2. 1.0 78.0 9.5 29.40 .979 1.016 .986 1.011 

13 765. 0. 2. 1200. 765. 2. .9 77.0 9.5 29.40 .978 1.016 .986 1.008 

.000 

MODE 
BHP 
FROM MODE POWER FUEL 

WEIGHTED RESULTS   

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 94.8 3.10 52.9 497.0 14.04 54983. .077 7.3 3.01 .24 4.07 38.23 1.08 4229. 

2 63.0 6.83 184.7 330.7 12.37 38870. .077 4.8 2.14 .53 14.21 25.44 .95 2990. 

3 73.0 3.68 86.1 355.5 7.06 37911. .077 5.6 2.08 .28 6.62 27.34 .54 2916. 

4 83.0 1.13 36.0 342.3 4.27 39092. .077 6.4 2.14 .09 2.77 26.33 .33 3007. 

5 56.0 .83 36.3 151.6 6.01 26895. .077 4.3 1.47 .06 2.79 11.66 .46 2069. 

6 23.0 2.31 36.4 41.6 5.00 12520. .077 1.8 .69 .18 2.80 3.20 .38 963. 

7 86.0 1.00 234.6 315.9 9.17 40050. .077 6.6 2.21 .08 18.04 24.30 .71 3081. 

8 73.0 .43 61.0 288.7 3.89 32935. .077 5.6 1.80 .03 4.69 22.20 .30 2533. 

9 43.0 .00 16.8 140.0 2.83 20337. .077 3.3 1.11 .00 1.29 10.77 .22 1564. 

10 9.0 2.16 35.7 10.9 1.42 6872. .077 .7 .38 .17 2.75 .84 .11 529. 

11 10.0 .72 18.0 8.5 1.29 6025. .077 .8 .33 .06 1.39 .65 .10 463. 

12 1.5 .24 9.1 2.1 .23 1400. .077 .1 .08 .02 .70 .17 .02 108. 

13 2.0 .58 8.0 2.2 .26 1250. .077 .2 .07 .04 .61 .17 .02 96. 

TOTAL 47.5 17.5 1.8 62.7 191.3 5.2 24549. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EHISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST FT100-3E RUN DIESEL FT100 EM-2563-F 

ENGINE MODEL 98 MB OH 611 DATE 4/ 2/98 TIME HCR 2.14 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:. 848 H:.152 0: .000 X: 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

MEASURED C - B 

DENS. 6.518 

TAKLET •■«—  iniAMi Äir 

MODE SPEED LOAD TORQUE TIME SPEED rORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPH PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUH HUM WET F 

1 4200. 0. 12. 300. 4200. 12. 39.9 73.0 9.4 28.96 .976 1.018 .967 1.007 

2 4200. 0. 78. 300. 4200. 78. 28.6 73.0 9.4 28.96 .976 1.018 .971 1.007 

3 3400. 0. 112. 300. 3400. 112. 28.1 73.0 9.2 28.95 .974 1.020 .971 1.007 

4 2600. 0. 167. 300. 2600. 167. 28.5 73.0 8.9 28.95 .968 1.025 .973 1.007 

5 2600. 0. 110. 300. 2600. 110. 19.5 73.0 8.7 28.94 .964 1.028 .976 1.007 

6 2300. 0. 54. 300. 2300. 54. 9.9 73.0 8.5 28.93 .962 1.030 .980 1.007 

7 2000. 0. 224. 300. 2000. 224. 29.1 74.0 8.6 28.93 .963 1.029 .972 1.009 

8 2000. 0. 190. 300. 2000. 190. 24.6 74.0 8.7 28.93 .964 1.028 .974 1.010 

9 2000. 0. 111. 300. 2000. 111. 14.6 74.0 8.6 28.92 .963 1.029 .977 1.010 

10 2000. 0. 24. 600. 2000. 24. 5.0 72.0 8.8 28.92 .966 1.026 .979 1.004 

11 1500. 0. 33. 600. 1500. 33. 4.3 73.0 8.4 28.91 .960 1.031 .979 1.007 

12 900. 0. 3. 1200. 900. 3. 1.1 77.0 8.9 28.90 .968 1.025 .981 1.019 

13 765. 0. 4. 1200. 765. 4. .9 78.0 8.8 28.90 .966 1.026 .983 1.022 

BHP 
MODE POWER FUEL 

WEIGHTED RESULTS 
Diuc mnm> HODE FROH 

WORK HC CO NOX PART C02 WF BHP LB/HR HC CO NOX PART C02 

1 93.0 4.98 56.5 489.6 14.45 56118. .077 7.2 3.07 .38 4.35 37.66 1.11 4317. 

2 63.0 8.22 179.1 328.7 12.52 39984. .077 4.8 2.20 .63 13.77 25.28 .96 3076. 

3 74.0 4.40 81.6 352.8 6.13 39454. .077 5.7 2.16 .34 6.28 27.14 .47 3035. 

4 84.0 2.23 37.3 339.1 4.19 40029. .077 6.5 2.19 .17 2.87 26.08 .32 3079. 

5 55.0 1.83 36.4 143.3 6.08 27475. .077 4.2 1.50 .14 2.80 11.02 .47 2113. 

6 24.0 2.49 36.8 42.2 5.26 13869. .077 1.8 .76 .19 2.83 3.25 .40 1067. 

7 86.0 1.77 230.0 312.2 9.86 40591. .077 6.6 2.24 .14 17.69 24.02 .76 3122. 

8 73.0 1.48 75.7 281.4 4.46 34574. .077 5.6 1.89 .11 5.82 21.65 .34 2660. 

9 43.0 .76 16.9 142.8 2.65 20540. .077 3.3 1.12 .06 1.30 10.98 .20 1580. 

10 9.0 2.52 35.8 11.0 1.32 7048. .077 .7 .39 .19 2.75 .85 .10 542. 

11 10.0 1.26 17.8 8.0 1.20 6029. .077 .8 .33 .10 1.37 .62 .09 464. 

12 1.0 .60 8.7 1.6 .21 1511. .077 .1 .08 .05 .67 .12 .02 116. 

13 1.0 .21 8.7 1.5 .22 1238. .077 .1 .07 .02 .67 .11 .02 95. 

TOTAL 47.4 18.0 2.5 63.2 188.8 5.3 25266. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST DMH 15-1E RUN DIESEL DHH15 EH-2568-F 

ENGINE MODEL 98 MB OH 611 DATE 4/ 6/98  TIME HCR 2.06 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:. B08 H:.140 0: 052 X:. 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

MEASURED C -B 

DENS. 6.818 

TAKbGT  IIUAMI ÄU 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPM PCT LB-FT SEC RPH LB-FT LB/HR DEG F G/KG IN-HG HUM HUM WET F 

1 4200. 0. 118. 300. 4200. 118. 43.8 74.0 9.6 28.82 .981 1.015 .964 1.013 

2 4200. 0. 79. 300. 4200. 79. 31.4 73.0 9.4 28.82 .977 1.018 .969 1.010 

3 3400. 0. 112. 300. 3400. 112. 29.0 73.0 9.3 28.82 .974 1.020 .972 1.010 

4 2600. 0. 165. 300. 2600. 165. 29.4 73.0 9.1 28.81 .971 1.022 .972 1.010 

5 2600. 0. 111. 300. 2600. 111. 20.6 72.0 8.8 28.81 .966 1.026 .974 1.007 

6 2300. 0. 53. 300. 2300. 53. 9.9 72.0 8.7 28.80 .965 1.027 .979 1.007 

7 2000. 0. 222. 300. 2000. 222. 30.5 73.0 8.6 28.80 .963 1.029 .971 1.010 

8 2000. 0. 189. 300. 2000. 189. 25.3 72.0 8.5 28.79 .961 1.031 .971 1.007 

9 2000. 0. 112. 300. 2000. 112. 15.4 71.0 8.7 28.79 .965 1.027 .973 1.005 

10 2000. 0. 24. 600. 2000. 24. 5.3 71.0 8.8 28.80 .967 1.026 .977 1.005 

11 1500. 0. 33. 600. 1500. 33. 4.4 70.0 8.9 28.80 .969 1.024 .980 1.002 
12 900. 0. 3. 1200. 900. 3. 1.1 73.0 9.1 28.80 .972 1.021 .981 1.011 

13 765. 0. 2. 1200. 766. 2. .9 74.0 9.3 28.80 .975 1.019 .982 1.014 

MODE 
BHP 
FROH -   GRAMS/HOUR   MODE POWER FUEL 

WEIGHTED RESULTS   
 GRAMS/HOUR 

WORK HC CO NOx PART 002 WF BHP LB/HR HC CO NOx PART 002 

1 96.0 5.12 65.0 492.1 11.18 58741. .077 7.4 3.37 .39 5.00 37.86 .86 4519. 

2 64.0 7.22 88.5 330.5 9.76 41988. .077 4.9 2.41 .56 6.80 25.43 .75 3230. 

3 73.0 4.19 49.9 350.1 5.30 38811. .077 5.6 2.23 .32 3.84 26.93 .41 2985. 

4 82.0 2.80 32.3 356.6 2.86 39402. .077 6.3 2.26 .22 2.48 27.43 .22 3031. 

5 56.0 3.04 39.5 153.8 4.82 27569. .077 4.3 1.58 .23 3.04 11.83 .37 2121. 

6 23.0 4.26 47.7 38.0 4.12 13212. .077 1.8 .76 .33 3.67 2.92 .32 1016. 

7 86.0 1.85 182.0 331.7 6.95 40643. .077 6.6 2.35 .14 14.00 25.52 .53 3126. 

8 73.0 1.23 55.2 302.3 2.71 33871. .077 5.6 1.95 .09 4.25 23.25 .21 2605. 

9 43.0 1.44 18.9 141.9 2.25 20685. .077 3.3 1.19 .11 1.45 10.91 .17 1591. 

10 9.0 6.01 63.0 11.5 .95 6951. .077 .7 .40 .46 4.84 .88 .07 535. 

11 10.0 2.07 23.3 8.6 .80 5921. .077 .8 .34 .16 1.79 .66 .06 455. 

12 .5 1.07 9.6 2.6 .19 1436. .077 .0 .08 .08 .74 .20 .01 110. 

13 .0 .46 8.3 3.3 .15 1242. .077 .0 .07 .04 .64 .25 .01 96. 

TOTAL 47.3 19.0 3.1 52.6 194.1 4.0 25421. 

000 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EMISSIONS RESEARCH 
EPA  PNGV    ENGINE EHISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST DMH 15-2E RUN DIESEL DHH15 EM-2568-F 
ENGINE MODEL 98 HB OH 611 DATE 4/ 7/98 TIME HCR 2.06 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.808   H:.140   0: .052 X 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

C - B INTAKE AIB 

DENS . 6.818 

lAKWbl •-"- 

MODE SPEED LOAD TORQUE TIME SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPM PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUH WET F 

1 420O. 0. 118. 300. 4200. 118. 44.5 74.0 8.6 28.95 .962 1.029 .964 1.009 

2 420O. 0. 79. 300. 4200. 79. 31.8 74.0 8.6 28.95 .962 1.029 .969 1.009 

3 3400. 0. 112. 300. 3400. 112. 30.4 74.0 8.7 28.94 .964 1.028 .970 1.009 

4 260O. 0. 166. 300. 2600. 166. 30.6 74.0 8.4 28.95 .960 1.032 .970 1.009 

5 2600. 0. 111. 300. 2600. 111. 20.4 74.0 8.2 28.95 .956 1.035 .974 1.009 

6 2300. 0. 53. 300. 2300. 53. 10.3 74.0 8.1 28.95 .955 1.036 .980 1.008 

7 2000. 0. 224. 300. 2000. 224. 30.9 74.0 8.2 28.95 .957 1.034 .972 1.009 

8 2000. 0. 189. 300. 2000. 189. 25.0 73.0 8.2 28.94 .956 1.035 .973 1.006 

9 2000. 0. 112. 300. 2000. 112. 15.9 74.0 8.4 28.94 .960 1.032 .976 1.009 
10 2000. 0. 25. 600. 2000. 25. 5.4 73.0 8.3 28.93 .959 1.032 .980 1.006 

11 1500. 0. 33. 600. 1500. 33. 4.3 75.0 8.6 28.92 .963 1.029 .980 1.013 
12 900. 0. 2. 1200. 900. 2. 1.1 81.0 9.3 28.92 .975 1.019 .981 1.031 

13 765. 0. 2. 1200. 768. 2. .9 84.0 8.9 28.91 .968 1.025 .981 1.039 

:.000 

MODE 
BHP 
FROM MODE POWER FUEL 

WEIGHTED RESULTS   

WORK 

95.0 

HC CO NOx PART C02 WF BHP LB/HR HC CO NOx   PART C02 

1 5.80 58.0 489.0 10.94 59673. .077 7.3 3.43 .45 4.46 37.61 .84 4590. 

2 64.0 6.65 79.2 286.5 8.99 42551. .077 4.9 2.45 .51 6.09 22.04 .69 3273. 

3 74.0 4.65 44.8 350.6 5.13 40795. .077 5.7 2.34 .36 3.45 26.97 .39 3138. 

4 82.0 3.13 30.7 359.8 2.63 41066. .077 6.3 2.36 .24 2.36 27.68 .20 3159. 

5 56.0 2.24 37.5 156.2 4.55 27271. .077 4.3 1.57 .17 2.89 12.02 .35 2098. 

6 24.0 3.02 50.1 40.2 4.07 13787. .077 1.8 .79 .23 3.85 3.09 .31 1061. 

7 86.0 2.25 218.0 327.8 7.94 41148. .077 6.6 2.38 .17 16.77 25.21 .61 3165. 

8 73.0 1.98 96.0 289.5 3.74 33367. .077 5.6 1.92 .15 7.38 22.27 .29 2567. 

9 43.0 1.66 18.9 154.4 2.08 21350. .077 3.3 1.23 .13 1.46 11.88 .16 1642. 

10 10.0 6.49 64.8 9.9 .93 7183. .077 .8 .42 .50 4.98 .76 .07 553. 

11 10.0 2.14 22.5 8.5 .76 5756. .077 .8 .33 .16 1.73 .66 .06 443. 

12 1.0 1.22 9.4 2.7 .16 1425. .077 .1 .08 .09 .72 .21 .01 110. 

13 .0 .87 7.2 3.9 .18 1198. .077 .0 .07 .07 .55 .30 .01 92. 

TOTAL  47.5 19.4 3.2      56.7    190.7       4.0      25890. 
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SOUTHWEST RESEARCH INSTITUTE - DEPARTMENT OF EHISSIONS RESEARCH 
EPA      PNGV ENGINE EMISSION RESULTS PROJECT NO. 02-5137-434 

ENGINE NUMBER TEST DMM 15-3E RUN DIESEL DHH15 EM-2568-F 

ENGINE MODEL 98 MB OH 611 DATE 4/ 8/98 TIME HCR 2.06 

ENGINE 2.2 L(134. CID) 14 CYL COMPUTER PROGRAM SSDIL 1.3 -R C:.808 H:.140 0: 052 X 

ENGINE CYCLE DIESEL CELL 4 BAG CART 1 ENGINE OIL 

ENGINE SERIAL DE 22 LA 

C -B [NTAKE AIR 

DENS . 6.818 

TAKWST _«■»— 

MODE SPEED LOAD TORQUE TIHE SPEED TORQUE FUEL TEMP HUMID BARO NOx PART. DRY 
RPM PCT LB-FT SEC RPM LB-FT LB/HR DEG F G/KG IN-HG HUM HUM BET F 

1 4200. 0. 116. 300. 4200. 116. 39.7 74.0 8.2 28.96 .957 1.034 .972 1.009 

2 4200. 0. 77. 300. 4200. 77. 30.1 74.0 7.7 28.96 .948 1.042 .979 1.008 

3 3400. 0. 112. 300. 3400. 112. 29.0 74.0 7.5 28.96 .945 1.044 .979 1.008 

4 2600. 0. 167. 300. 2600. 167. 29.8 74.0 7.5 28.97 .945 1.044 .980 1.008 

5 2600. 0. 112. 300. 2600. 112. 20.9 74.0 7.6 28.97 .946 1.044 .980 1.008 

6 2300. 0. 54. 300. 2300. 54. 10.1 74.0 7.7 28.97 .948 1.042 .986 1.008 

7 2000. 0. 222. 300. 2000. 222. 30.9 75.0 7.9 28.97 .951 1.039 .977 1.011 

8 2000. 0. 190. 300. 2000. 190. 25.7 75.0 7.9 28.97 .951 1.039 .980 1.011 

9 2000. 0. 112. 300. 2000. 112. 15.6 74.0 7.8 28.97 .949 1.041 .983 1.008 

10 2000. 0. 25. 600. 2000. 25. 5.2 74.0 7.9 28.97 .952 1.039 .986 1.008 

11 1500. 0. 33. 600. 1500. 33. 4.7 75.0 8.0 28.97 .953 1.037 .990 1.011 

12 900. 0. 2. 1200. 900. 2. 1.2 81.0 8.3 28.96 .959 1.033 .990 1.028 

13 765. 0. 1. 1200. 765. 1. .9 85.0 8.0 28.96 .953 1.037 .990 1.040 

.000 

MODE 
BHP 
FROM MODE POWER FUEL 

WEIGHTED RESULTS   

WORK HC CO NOx PART C02 WF BHP LB/HR HC CO NOx PART C02 

1 93.0 6.85 56.7 484.6 11.30 53177. .077 7.2 3.05 .53 4.37 37.27 .87 4091. 

2 62.0 6.13 77.3 319.2 9.11 40337. .077 4.8 2.32 .47 5.95 24.55 .70 3103. 

3 73.0 3.79 46.5 352.1 4.88 38795. .077 5.6 2.23 .29 3.58 27.09 .38 2984. 

4 84.0 2.23 30.5 368.1 2.61 40010. .077 6.5 2.30 .17 2.35 28.31 .20 3078. 

5 56.0 2.69 38.3 168.6 4.57 27954. .077 4.3 1.61 .21 2.95 12.97 .35 2150. 

6 24.0 3.88 50.6 40.9 4.21 13467. .077 1.8 .78 .30 3.89 3.15 .32 1036. 

7 85.0 1.86 215.4 328.1 7.83 41158. .077 6.5 2.38 .14 16.57 25.24 .60 3166. 

8 73.0 1.73 86.6 304.9 3.52 34424. .077 5.6 1.98 .13 6.66 23.46 .27 2648. 

9 44.0 1.24 19.2 159.7 2.17 20973. .077 3.4 1.20 .10 1.48 12.29 .17 1613. 

10 10.0 7.18 68.7 10.1 1.13 6859. .077 .8 .40 .55 5.28 .78 .09 528. 

11 10.0 2.15 22.8 9.3 .90 6211. .077 .8 .36 .17 1.75 .72 .07 478. 

12 1.0 1.34 9.9 2.4 .16 1535. .077 .1 .09 .10 .76 .19 .01 118. 

13 .0 1.25 9.0 2.5 .14 1231. .077 .0 .07 .10 .69 .19 .01 95. 

TOTAL 47.3 18.8 3.3 56.3 196.2 4.0 25087. 
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TORQUE MAP DATA \ 

02-5137-434 ^-/ 
Project Number 

3ell     4        Date tll3l% 

Test Number 

SHEET 
Operator   Rhf 

Speed Set                 ±25   rpm 1000 1500 2000 2600 3000 

Start Time                            J sec 0 

Torque                              ft-lbs /oi,r «-IT* 83 227 ZZ1 VII 
Speed                                 rpm (0Ö0 tSQO zooo Tr&OO zono 
Power hp 2/ V£6£3 31 ll4r \2S 
Fuel Flow                           Ib/hr *.6 Zö-0 -rt'd 4Ö.I 46-3 
Water Out °F im 112 v\z \°ts [*f 
Water In °F (.in m /A/ fib nz 
Oil °F 17/ (72- /8* Zo3 ZÖ? 
Intake Air °F 7.r 7* IS 13 74 
Fuel °F ir 11 SB 1/ 11 
Exhaust (after turbo) °F 10ZA- 1037 Ilk mi 1187 
Intercooler In °F 160 \2t> -Z&Ö 1C4: 243 
Intercooler Out °F //2- 9.4- «7 102- /fl1 
Inlet Air Dewpoint °F S3A szA SlA 57^6 5"Z.f 
Chiller Water °F 56> Sb 5Z> 56 5-6 
Barometer                          "1 Hg l?ix?az ■&.Z38 ZT.Z50 27.&3Z Z7.Z34 
Inlet Air Restriction             "H20 .zz -1.60 -4.S6 -3.49 -/0.4Ö 
Exhaust Restriction              " Hg *£* 1.78 3,8\ 6.3£ 7.88 
Boost Pres. Before IC Hg 4r.lt 18. Dl 33. dO 36.36 3i-,0.T 
Boost Pres. After IC Hg 4.f)S n.tn 33.17 3£VZ1 S3.TO 
Intercooler AP                    "H20 S,0 i.n lZ\0 /6.0 2/.Ö 
Oil Pressure                        psig /s- -Z4 3Z. 42 47 
Fuel Pressure                     psig .32- >4Z .Si »64 ,6? 
Engine Water Pres.             psig ■— — — — 

Hour Meter                       hours znb.Ar 2176.4 int.G 2(76.fe 2f76.£ 
Tunnel Temp. °F IO( 114: 145" 171 20* 
Exhaust after Cat. #2    / °F 137 tool 131 (040 tnri 
Intake Mani.      X. °F to» <?iT IB fn7 ÜZ. 
Exhaust before turbo *{ °F 1o3 tß74 1113 IZZ4- vzi3 
Exhaust after Cat. #1   & °F 1% tolG ?7tf /orj USX, 
IC Coolant Supply    £> °F 12 12 78 76 IS 
Air before compressor 3   "H20 *5~ 8/ W 7? 71 
Exh. Before Turbo               psig L0 ».r Lt.O ■£3 zs 
Fuel Return                         "H,0 .S ,f .1 <7 1.0 
Crankcase Vacuum            "H20 O IS ,* i.z. us 
Main Vac.                           psig Z1.Z «?.z. 21.2- 21,2- Zl,*Z 

T~ 
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t Number 

3RQUE MAP DATA 
te llYbnV     Operator 

02-5137-434 2b~ 1 

Cell     4 

Projec 

T< 
Da 

Test Number 

SHEET 
fthf 

Speed Set                 ±25 rpm 3500 4000 4200 4500 
Start Time sec 

Torque ft-lbs 133~<S 161 isz. SOS 
Speed rpm 3SÖÖ AOOO 42ÖO 4S00 
Power hp \zsx 124 tzz 70 k 
Fuel Flow Ib/hr 47./ son SÖ><o 33/ 
Water Out °F m \<\b Mb C°l3 
Water In °F m \l3 (12. l&\ 
Oil °F 2Ö5 in n4 m 
Intake Air °F 13 72 IZ, 12- 
Fuel °F 13 <?<r IS IS 
Exhaust (after turbo) °F ityz- ml> im 276 
Intercooler In °F ZS4 2S~4 zSS 243 
Intercooler Out °F HZ- H.S m 11% 
Inlet Air Dewpoint °F SZA 5:2.4 53.0 S3,0 
Chiller Water °F so, SG 57 SC> 
Barometer "Hg -W,72>0 2*t*Z32- ■ZH.723 Z<?.233 
Inlet Air Restriction "H20 -12.13 ~ts< \S -16. SI ~/S.B3 
Exhaust Restriction "Hg 1A2 10.4*1 tLlU ?.06 
Boost Pres. Before IC "Hg 31.6S 30.1,] 36.S°l 74.10 
Boost Pres. After IC "Hg 2<?.83 7X.S7- 2#,BS' 74.SI 
Intercooler AP "H20 7f\.0 3C0 33.0 3£<Ö 
Oil Pressure psig BO SO SO 50 
Fuel Pressure psig n& ,%Ar ,87 ,<?Z 

Engine Water Pres. psig — — — •—■ 

Hour Meter hours znc.i 20A.S 2/76.8 Hit, ft 
Tunnel Temp. °F izA- 240 ■ZSO iZJo 
Exhaust after Cat. #2  I °F to 61 Mtt trot %2>\ 
Intake Mani.     t °F U4r in n°i Ul, 
Exhaust before turbo   <f °F tzz4 iZ4t> VLAS IST 
Exhaust after Cat. #1   £~ °F f/l3 Ü4A l\M *£Ö 
IC Coolant Supply   £ °F 74- 74- 13 13 
Air before compressor 3 "HgO 7^ 12 19- 1R 
Exh. Before Turbo psig 27 7PI.S 31 30 
Fuel Return "H,0 1.3 1.3 t.s I.S 
Crankcase Vacuum "H20 \SS 14.0 /^0 14, S 
Main Vac. psig 2PI.Z- 7S\Z~ &Z. 2X.-Z. 
Dowpoint •F- 
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02-5137-434 FT-2Q-I 
Project Number Test Number 

TORQUE MAP DATA SHEET 
Cell    4        Date ZlllH?                                                          Operator_ift£  

Speed Set                 ±25   rpm 1000 1500 2000 2600 3000 

Start Time                           sec 0 

Torque                              ft-lbs /o4 ISO ZZS ZL1 ZIS.S 
Speed                                 rpm (000 ISOO -ZOOO Z6ÖÖ 3oOO 
Power                                   hp ZÖ 52- 8fc a 3 IZAr 
Fuel Flow                           Ib/hr °l.4r I1J 7X71 31>3 44*4- 
Water Out                            °F \n til IT2- \<\Ac 19S 
Water In                               °F ,42- !47 ICO I7Z- /74 
Oil                                        °F H2- 2fi\ its m ZOO 
Intake Air                             °F 73 15 is IS IS 
Fuel                                     °F °C[ 14 HAr 14r °«o 
Exhaust (after turbo)             °F loos lOöS m t(6t> tns 
Intercooler In                        °F 151 [l(o -Z.S4- U<t us 
Intercooler Out                      °F /o£ %<t 83 ^ 0(> 
Inlet Air Dewpoint                  °F £2,0 57.4 575.7 s/^o Sl>4r 
Chiller Water                        °F SG €G 56 *t> Sb 
Barometer                          "Hg zr.m t*S\4\ ZS\<?4I Zg.144 Z?5?4& 
Inlet Air Restriction             "H20 .2+ -L57- -AW -X.S* -10.4% 
Exhaust Restriction              "Hg tt>Ö info .3.81 4.47 1*1 
Boost Pres. Before IC          "Hg 4i07 11.St, 33.20 36. CO 3S.A2- 
Boost Pres. After IC             "Hg X'Ma /7.Z4 3?.13 3S*S[ 33.*^| 
Intercooler AP                   "H20 SO ?.o A2.Ö IC.S z\~o 
Oil Pressure                        psig IS Z4 32- 41 4£ 
Fuel Pressure                     psig ,31 .41 ,53 ,63 >6? 
Engine Water Pres.             psig -— — 

Hour Meter                       hours Z/ffZ.Z 2/*Z,3 -Zl%Z-4r z/ffz.4 ZISZsS 
Tunnel Temp.                       °F löS ut> l*H> /83 zm 
Exhaust after Cat. #2    /       °F °I4* 9<?S <MA (n3i (Q82- 
Intake Mani.             2-         °F fÖZ. 91 90 tot. 107 
Exhaust before turbo   Ar      °F 21* tOSt t^l tZiS \*st> 
Exhaust after Cat. #1   5       °F tozl t*l( 7£3 L01I M 
IC Coolant Supply      6        °F <& (>% £2 et H 
Air before compressor 3    "H20 24 71 7* 7? 7# 
Exh. Before Turbo               psig LO *',0 IX. O 23,0 zs.n 
Fuel Return                       "H,0 2.4 2..C 2.8 3/2. 3.(o 

Crankcase Vacuum           "H20 O i.Z, s.n %s IU2 
1 Main Vac.                           psig «To l<\*0 tn.o T\.Ö Ztf.O 
1 Rf.wnoirrf                                ■■■nF 

PAGE 1 of 2 

C-5 



oject Number 

TORQUE MAP DATA 
Date z\\l\1%   ODerator 

02-5137-434 FT20- 1 
Pr 

Cell     4 

Test Number 

SHEET 

Speed Set                 ±25   rpm 3500 4000 4200 4500 

Start Time                            s sec 

Torque                              ft-lbs /*6 JC.2- 153 9/r 
Speed                                 rpm 3Sn6 4000 4ZÖÖ AS0Ö 
Power hp izS \ZS IZ3 74 
Fuel Flow                           Ib/hr 4S<8 4M TO.7 *4.4 
Water Out °F MS «(& 111 11b 
Water In °F 110 llAr nz. \14 
Oil °F ZQ& 7&> m 203 
Intake Air °F 74 74 74 74 
Fuel °F 17 13 11 too 
Exhaust (after turbo) °F li¥\ ml «80 133 
Intercooler In °F Z£8 isi ZhZ> zsl 
Intercooler Out °F 10*1 114 US m 
Inlet Air Dewpoint DF SZ.O 52.ü SZA SZ,0 
Chiller Water °F S<o S(r> &> sc 
Barometer                          "Hg 2% SIS) 2XSIS3 Z8XSZ *V*s1S3 

Inlet Air Restriction             "H20 -13,14 -IS. 35 -it».SB ~IS>14 
Exhaust Restriction Hg ^^ZG 10. Sb n.zo 1*30 
Boost Pres. Before IC Hg 33.02- 30,87 30.84 Z7. f 4 
Boost Pres. After IC Hg 3ö.tfe z%m Z#>£>\ ZA^I 
Intercooler AP                    "H20 Zf.O 30 3Z, 34 
Oil Pressure                        psig *9\ AR 50 so «m 
Fuel Pressure                     psig .13 .1U m M 
Engine Water Pres.             psig .— —. —- 

Hour Meter                        hours Z/fiZ<6 zizzn zizzn T^ISZ.S 
Tunnel Temp. °F ZZS Z4\ -ZSZ- -£3/ 

Exhaust after Cat. #2   I DF 1057 IMS um %4% 
Intake Mani.                Z "F lt\ ill m Wl 
Exhaust before turbo  A: 3F 121Z IZ43 IZ47 Vis" 
Exhaust after Cat. #1  $ DF ttoz tm U4i W* 
IC Coolant Supply      £, °F 70 10 ll V 
Air before compressor 3     "H20 It nx 1% IX 
Exh. Before Turbo               psig 11.5- •za.5 3LS 30 
Fuel Return                       "H,0 4.0 4.4 4ifc 6,3 
Crankcase Vacuum            "H20 13,2 14S *Jt\AS \4S 
Main Vac.                           psig Z1.0 Z1.Ö Z<?.0 Z9.Ö 
P~.ur.ninl                                        -»F- 
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TORQUE MAP DATA { 

02-5137-434 F~uoo-\ 

( 

Project Number 

Dell    4         Date ztllftS 

Test Number 

BHbhl 
Operator  fihf 

Speed Set                 ±25   rpm 1000 1500 2000 2600 3000 

Start Time                            i 5ec 0 

Torque                               ft-lbs S03 HI ^^ö ZZ4 
Speed                                 rpm /MO /SOÖ Z0ÖÖ 7600 3ÖCÖ 
Power hp 1Ö 49 *S tit 
Fuel Flow                            Ib/hr K.& nM 71.S 3ZA 

Water Out °F /W (13 190 Ifö no 
Water In °F /SS I14 fyz* ((>? \<o4 

Oil °F /SI ZOO (It 203 TO<\ 
Intake Air °F IS is 74 14 74 
Fuel °F n <ts IS 9fe too 
Exhaust (after turbo) °F l oil ?&r T7Z- fö?4 ttu 
Intercooler In °F ib£ itn 'ISZ- ?¥\ m 
Intercooler Out °F /öl n %Z 161 left 
Inlet Air Dewpoint °F S3A SZ-4 SIM SL4 SZ>0 
Chiller Water °F £■£ SG S6> Sb st> 
Barometer Hg ZBSlS' Z*.?/2. 7xmz~ 2S.1U, zsmc 
Inlet Air Restriction             "l-UO Al -I>31 -4M°l -S.4S -lo-#l 
Exhaust Restriction              ' Hg ..<? LSI 3.7/ 6.34 7.87 
Boost Pres. Before IC 'Hg 3.83 ISAZ 33/2.3 36.SB 35". 33 
Boost Pres. After IC 'Hg 3-13 IS A4 3Z*& 3SA* 33.<rz~ 
Intercooler AP                    "H20 S<0 a.o \Z^O n.o ZhO 
Oil Pressure                        psig iS 24 3Z 4Z 47 
Fuel Pressure                     psig .31 ,4z ,54 <6S A\ 
-Engine Water Proc.            «poig- — *^- —»   —, 

Hour Meter                        hours 7,123.3 1193 A- Z183.4 ZIS3S 7183,S 
Tunnel Temp. °F /02- 113 144 (W Zo7 
Exhaust after Cat. #2   f °F <\4ö 9A& 9*6 102O /fill 
Intake Mani.               Z °F 110 97 H£ tfiC III 
Exhaust before turbo   4 °F <B9S IOTA- MG \?M \tA? 
Exhaust after Cat. #1   5 °F foo4 foSO US 10<84- H3[ 
IC Coolant Supply    6 °F 14- 73 %z 13 w 
Air before compressor 3    "I HpO n SZ Stl 80 73 
Exh. Before Turbo               | Dsig LÖ 7<S l&f) 73,0 TS,O 
Fuel Return                        "I H?0 4./ 4 A 4.4 4S sr.O 

Crankcase Vacuum rl?0 Ö UZ 4.1 IS US 
I Main Vac. psig Z?>0 73,0 Z1.0 zt-o ZI^O 

-2- 
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02-5137-434 fllQO-l 

Cell     4 

Project Number                                      Test Number 

TORQUE MAP DATA SHEET 
Date 2-1 llh*     Operator     kbf 

Speed Set                 ±25 rpm 3500 4000 4200 4500 

Start Time sec 

Torque ft-lbs l&f,S ILL to ISZ 78,s 
Speed rpm 3500 4000 4ZCO 4SÜ0 
Power hp \ZAr tz3 /£Z 6? 
Fuel Flow Ib/hr 4SM 4%n ^4<SlS 3Z.[ 
Water Out °F 11+ tit? 113 117 
Water In °F m n( /6S 161 
Oil °F zob 102- 10O -zoS 
Intake Air °F 74 74 73 73 
Fuel °F /OZ- 10 Z L03 /,04 
Exhaust (after turbo) °F 113% i./GS 1113 10? 
Intercooler In °F 1£% -zsi 2£4 ZSD 
Intercooler Out °F 113 HI \2\ IZ3 
Inlet Air Dewpoint °F £Z*0 stA SZ\ 5ZA 
Chiller Water °F sz> 56 Sb Sb 
Barometer "Hg 28,111 v*xn -z$W -Z&nZQ 
Inlet Air Restriction "H?0 -13,02- ~IS*ZZ- ~11,,SZ- ~(S<7S 
Exhaust Restriction "Hg 1,10 lD.4Ar ILlO 1.00 
Boost Pres. Before IC "Hg 3Z*OS 30.81 30.5*4 £7.04 
Boost Pres. After IC "Hg 30.IS z%m ZX.SG ZAr^O 
Intercooler AP "H?0 ZH 30 37, 34 
Oil Pressure psig 4q £TO <H SO 
Fuel Pressure psig nb ,23 .S4 M\ 
Engine Water Pros. psig — —- 

Hour Meter hours 1W3rt> -HZ371 T-IZ3 71 -ZL^X 
Tunnel Temp. °F ZZZ z40 ZS\ Ttt 
Exhaust after Cat. #2    / °F tow tosi I01Z 277 
Intake Mani.                 2 °F (lb \ZO IZZ 120 
Exhaust before turbo   4 °F lzo4- (£36 [12ß W 
Exhaust after Cat. #1    5" °F ton tf34 W36 £32r 
IC Coolant Supply      (, °F 13 74 IS 7S 
Air before compressor 3 "H20 71 If 11 71 
Exh. Before Turbo psig Z-1 z-i.s 3! 30 
Fuel Return "H,0 5". 3 S<S sn s-o 
Crankcase Vacuum "H20 13.5- t43 iSiO (40 
Main Vac. psig 11.0 -Z1.0 Z1.0 Zl.O 
Dowooirri °-F- 
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TORQUE MAP DATA I 

02-5137-434 SUrth - 1 

( 

Project Number 

Sell     4         Date lilted 

Test Number 

SHEET 
Operator Fur 

Speed Set                ±25   rpm 1000 1500 2000 2600 3000 

Start Time                          s see 0 

Torque                              ft-lbs 103,5" m ZZ3 Z2.&.S 2/3 
Speed                                 rpm 1660 izcn ZOOO Z&ÖÖ 3CÖO 
Power hp ZO sv %£ 1.13 [Z3 
Fuel Flow                            Ib/hr !0£ ti.z Z%<\ 31M 44^ 
Water Out °F m /<?£ I1£> ,194 i?<r 
Water In °F \44 tt>2> us 113 ni 
Oil °F H3 tt>.0 m zol zol. 
Intake Air °F 73 74- 74 74 13 
Fuel °F %2 9JT ?r <?7 HI 
Exhaust (after turbo) °F 1,02% losl W 1104 f/*t 
Intercooler In °F /63 ft? ZSZ- Zht z&S 
Intercooler Out op no zt> &£> 91 to 8 
Inlet Air Dewpoint °F SBH SZA £ZA gz.o SZ<0 
Chiller Water °F ££- & £TA £-& £6 
Barometer Hg W3Z4 Z*\tZ0 ZXAZO ZtfWO z%m$> 
Inlet Air Restriction            "H20 ^22- -L&Q -4.83 -2.G4 -10S4 
Exhaust Restriction Hg tS°i 133 3-SO LAZ. 7.17 
Boost Pres. Before IC Hg 4.02- n.is 33,64 36.60 3S.3R 
Boost Pres. After IC Hg 3.fcT 11*71 31^4 3S\44 3314 
Intercooler AP                   "H20 sr,o 2,0 tz.o /A.r Zl 
Oil Pressure                       psig ts~ Z3 3Z 41 4<o 
Fuel Pressure                      psig .14 .18 ,27 e37 .44 
-Engine Water Proc.            ■pstg •— — —- 

Hour Meter                       hours ns*3 zm,4 ZI &S--4 zms Z-l88,(o 
Tunnel Temp. °F (OZ m (4fe 171 TAB 
Exhaust after Cat. #2 °F   ton?» 9z4 1030 t08V 
Intake Mani. °F 10% 90 %? (04 m 
Exhaust before turbo °F ZOl töfff (JOS' tzzo \2JbS 
Exhaust after Cat. #1 °F tOZ4 im°i V* loll (4SO 
IC Coolant Supply °F IS 13 13 14 74- 
Air before compressor       "\ H20 $4- */ ?o 78- 12 
Exh. Before Turbo               f )sig uo fr.a IZ.O £3.0 ZSiO 

Fuel Return                       "1 H?0 3.7 4.0 4.2- 4.5T 4.» 
Crankcase Vacuum           "1 -\20 6 AS- s-.o 9<$ 11. & 
Main Vac.                           1 ssig zt.o IX .0 Z9.0 Z9.0 29.0 

"T 1 
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02-5137-434 SlM£b~\ 

Cell     4 

Project Number 

TORQUE MAP DATA 
_  Date tll?h?   Operator, 

Test Number 

SHEET 

Speed Set ±25   rpm 3500 4000 4200 4500 

Start Time sec 

Torque ft-lbs /BS-.Q &LG M.Z ZI.O 
Speed rpm 3S0O 4000 4Z0O 4SOO 
Power J£ [Z4 124- tZZ 2L 
Fuel Flow Ib/hr 41,3 48 A S\S 3S^ 
Water Out nr /% in nG 
Water In °F 122. (13 L13 nz- 
Oil 
Intake Air 

M. 2£ö ill _2&£_ 
73 7Z 72- 

Fuel 

Exhaust (after turbo) 

°F 

°F 
31 18 <H 3%- 

MhL m°i M£- ui 
Intercooler In Z5E. z£"<? Zb4 zSZ 
Intercooler Out /fZ lib 120 1^3 
Inlet Air Dewpoint 

Chiller Water 

°F SZA S2*4 fzA szn 
SG £b_ £k. £L 

Barometer "Hg •2^04 ■2SA03 -z%noC -Z$A04r 
Inlet Air Restriction "H2Q ~/3.ö4 -AT- 2S\ -1(0*54 -IS. %4 
Exhaust Restriction "Hg °L.U> 10. ST 1L2Z i.4r 
Boost Pres. Before IC "Hg 3ZA0 3ö Al 3Q.S4 Z1A3 
Boost Pres. After IC "Hg 30 • K ZSM2- Z».SD -24S& 
Intercooler AP "H,0 JZ2. 3Ü. 3Z ^4 
Oil Pressure psig JSI 
Fuel Pressure psig Plf7t4l) 

£0_ 41 -sa. 
,53 Sfo AL 

Engine Water Proo. 
Hour Meter hours 3/gfrfe -zivzn -ZAdrSrH 
Tunnel Temp. °F ZZb Z4Z- 2S3- -2.34 
Exhaust after Cat. #2 1M± 
Intake Mani. US 

10% 1104 2k£L 
M± t^^ \ZÖ 

Exhaust before turbo °F Ui± [Z4SL \Z8Q 32h. 
Exhaust after Cat. #1 °F (HZ 
IC Coolant Supply 74 

IHZ i£L 123L 
n±. is 7£_ 

Air before compressor "H2Q 12 12 1% 12 
Exh. Before Turbo psig Z7.Q 
Fuel Return "H,0 TJ 

30.0 31.0 3Q.Ö 
S-..T ^"c^ 6.0 

Crankcase Vacuum UH20 /3,S~ i±A IS<0 14-S 
Main Vac. psig -z^.O M.0 ZH.O -2X^0 
SsmmL 
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02-5137-434 BZP-l 
Project Number Test Number 

Cell Date. -zln 
TORQUE MAP DATA SHEET 

Operator. Ih£_ 
Speed Set ±25   rpm 1000 1500 2000 2600 3000 

Start Time sec 

Torque ft-lbs to4-*r> n+j ZZZ ZZS.S 2/3-S" 
Speed rpm toon /S0O ZÖQÖ nop 3000 
Power hp ZO 
Fuel Flow Ib/hr q.z- 

SD. 
19.1 

2£- nz 
-zxx 40 G 

izz~ 
MJL 

Water Out °F igt J83_ 15L 151 (13 
Water In MtL l£L JSl /&z I£L 
Oil °F in. 122. 1SL -Z03 zm 
Intake Air 1±- 1± 21 73 11 
Fuel (.0+ 10£L ML inL 1QL 
Exhaust (after turbo) ]03±- 1M3- 9a 7 (081 MIL 
Intercooler In lhh_ 152=, zsz Z6Z zbS 
Intercooler Out ML. 87 50. 10L ML 
Inlet Air Dewpoint SZl 4f.*t 4&>% 4$>+ 4V.S 
Chiller Water °F r/r M- JO. j£l S±_ 
Barometer "Hg If}. 069 Zf.070 ■Zt.010 ZX.07Z zi,cm 
Inlet Air Restriction "H,0 O ~f,S3 Z±&L £J± -10.43 
Exhaust Restriction "Hg JSI in* JiL&ZZ- b.Z8 774 
Boost Pres. Before IC "Hg 2J£_ /6> yz 3^7^ 3t>rS~7^ 3-T.-Z.7 
Boost Pres. After IC "Hg 3S3 1L2Z- 3Z, OZ 3S.43 33.8 3 
Intercooler AP "H2Q S-Q #<n lZ'0 u.f vl* 0 
Oil Pressure psig (60 -23 J2L AL ±k. 
Fuel Pressure psig ML i±_ 22. 33 21 
Engine Wator Pres. -pet§- =82:: 
Hour Meter hours zm,t zfite zi<\4.4 ■Zllk, ZI94S 
Tunnel Temp. 104 JJSL 144- (76 ZQQ 
Exhaust after Cat. #2 5ä£. 5RL to[4r to£C> 
Intake Mani. 11£. 
Exhaust before turbo °F 113 

52. 51 ML 
loss ((00 M51 

Exhaust after Cat. #1 °F iczt 
IC Coolant Supply 21 

toss im. (07& 

US. 
iZrW 

~74 2±. n£_ 
tiz& 
is 

Air before compressor "H,0 

Exh. Before Turbo psig 
Fuel Return "H,0 

Crankcase Vacuum "H2Q 

Main Vac. psig 
©eweemfr ^p 

—S3 ?3 
LO UL 

2JL 3<6 

Z?./ 
Ll 
25l 

iL <$o 51 
n.o -zz,s ZSJL 
31 21 4.Q 
44 5iS tf.S 

Z<\A -Z^tZ- Z9.2- 
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02-5137-434 BZÖ-I 
Project Number Test Number 

TORQUE MAP DATA SHEET 
Cell     4         Da te z/tth* Operator fibf 

Speed Set                 ±25   rpm 3500 4000 4200 4500 

Start Time                            sec 

Torque                              ft-lbs I84-. $ lt>Z tsz,s X4.S 
Speed                                 rpm 3£0 fi 4-000 Anoo 4-S00 
Power                                    hp IZ4- tZA IZ3 13 
Fuel Flow                            Ib/hr 4/».<4 &Z>3 <T/>& **>.£ 
Water Out                             °F l°IZ /96 /9 b 194 
Water In                               °F 113 111 nz- 6bk> 
Oil                                         °F 2/4 T04- ^CO ZOG 
Intake Air                              °F 13 13 13 13 
Fuel                                     °F too /of /Of loz 
Exhaust (after turbo)             °F it 31 nsi Ute ?/3 
Intercooler In                        °F zsi 2S7 261 24S- 
Intercooler Out                      °F tfto tzo /^3 ITS 
Inlet Air Dewpoint                 °F SD.O 6Ö.3 .50.6 S0-G 
Chiller Water                          °F 6'4 £4 S-4 *T4 
Barometer                           "Hg 73,013 Z9.613 Z<7,fi7Z -Z3.013 
Inlet Air Restriction             "H20 ~iZ34- -1499 -16,.31 -/S.69 
Exhaust Restriction               "Hg 9.00 /o.Zl to .94 9.0Z- 
Boost Pres. Before IC           "Hg 3/.9 3 30.20 .It).!? Z6<T7 
Boost Pres. After IC              "Hg 30. Ot~ ZR.£>< z#,4l 2+,tß 
Intercooler AP                    "H20 2fl.fi 3n 3Z~ 34 S 
Oil Pressure                         psig 49 <=rn 4*1 so 
Fuel Pressure                      psig >41 , Sb ,&0 ,£3 
Engine Water Pres.              psi§- «—  - .—■ —— 

Hour Meter                        hours 2/<?4& W4.L e/<?47 z/<?4 5r 
Tunnel Temp.                       °F -££/ 13$ 141 "2ZS~ 
Exhaust after Cat. #2            °F 104-1 /0%Z- /ndS 8-33 
Intake Mani.                          °F IZÖ 17,3 izsr IZZ, 
Exhaust before turbo             °F if% (Z2.7 {■Z30 <T^7 
Exhaust after Cat. #1             °F (671 HZ* H2R as-l 
IC Coolant Supply                  °F 7S l(o i<r 76 
Air before compressor        "H20 1$ is- IS 19- 
Exh. Before Turbo                psig trt,0 ■Z9.Z 31 30 
Fuel Return                         "H,0 4n- 4.3 4.3 4<<r 
Crankcase Vacuum            "H20 /3.ÄT 140 is-.o 144 
Main Vac.                             psig £«?, Z' 27, £ -m,z~ 2?I<Z 
Dwwuoint                                 ""F- 
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02-5137-434 hMM I.K'I 
Project Number Test Number 

.    TORQUE MAP DATA SHEET 
Cell     4        Date  2-fZO'Hlt                                                        Operator    Ruf 

Speed Set                 ±25   rpm 1000 1500 2000 2600 3000 

Start Time                            sec 0 

Torque                             ft-lbs /ö4* £ /5S W3 Z30.5"" ZlliS 
Speed                                 rpm icno tsno 2000 2400 30OO 
Power                                   hp TO 4-S 8*5" us 17 X 
Fuel Flow                           Ib/hr —- — *  

Water Out                             °F /M US' 18? 111 193 
Water In                                 °F ISA- I3& /sri MO £L< 
Oil                                          °F MI tOl am Zö7 Z13 
Intake Air                              °F 73 7^ 73 72 73 
Fuel                                      °F *9 1°! n too tö3 
Exhaust (after turbo)             °F /630 <?AO ?*£ ml 1(43 
Intercooler In                         °F Ul /.r/5 ^37 Zk(r ?ts 
Intercooler Out                       °F in <?<? %rcl 79 109 
Inlet Air Dewpoint                 °F £3><T xx.fl S7.A- so* fb+ 
Chiller Water                         °F Ä xi* & tt &r 
Barometer                          "Hg 21 JOS' 7<?. I03> ZIJöl 21.01? 29. 0% 
Inlet Air Restriction             HH20 Ö -A 72 ^ 4*4 A- -8-.S0 -in. 46 
Exhaust Restriction               "Hg .1. L3l ?>.£! 6.Z2 -7.68 
Boost Pres. Before IC          "Hg 3 SI //.?? 3hA'l- 36.SO 3f< 2A 
Boost Pres. After IC             "Hg 3,32 /A 73 m .73 3S. 33 33,% 
Intercooler AP                    "H20 x.n 1*0 \z<o n.o ZhO 
Oil Pressure                         psig n 7.< 37- 4/ 46 
Fuel Pressure                      psig n ,öh ,// ,10 ,24 
Engine Water Pres — psig +*=+& •— -—* 

Hour Meter                        hours 7700 .<? 7200.0 TZÖÖ - ( Z2Ö0.1 TZM re 
Tunnel Temp.                         °F IM- 1 ( 'I \4rl 177 TCO 
Exhaust after Cat. #2            °F 9s*r ^44 97l loon tOS2 
Intake Mani.                          °F 1(0 /oo 96 (01 in 
Exhaust before turbo            °F ctn\ VII /öl4- U%0 IZZ% 

Exhaust after Cat. #1             °F rczo fOZl °il% (OS! 1(1% 
IC Coolant Supply                 °F 7£ 7£ 7A 76 1£ 
Air before compressor        "H20 ^7 23 2/ &Ö w 
Exh. Before Turbo               psig uo £.£" f£,n ZZS' 75,0 
Fuel Return                        "H,0 4~4>K SO 4-r 4-5T 4-6 
Crankcase Vacuum            "H20 n /.€ 9.fi <f.O ILS 
Main Vac.                            psig 7.<in- ZV<Z 7*1,-1 7*1. Z~ 7*1,1 
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02-5137-434 bMMlS~) 

Cell 

Project Number 

TORQUE MAP DATA 
Date ZJZöh'Z  Operator 

Test Number 

SHEET 

Speed Set ±25   rpm 3500 4000 4200 4500 

Start Time sec 

Torque ft-lbs 113 nz*o J&4-.0 *fr9.rt 
Speed rpm vsee 4-6CÖ AzöCs 46W 
Power hp 130 132- 13Z 22. 
Fuel Flow Ib/hr 

Water Out 113 12L m_ JJJL 
Water In /&£* /*? Ml n\ 
Oil °F zrz- zol zoA z&\ 
Intake Air 22. 
Fuel tcS 

23. 73 22L 
IQ& m± ML 

Exhaust (after turbo) 1(83 &*? ltt$ ml 
Intercooler In °F if 251 ^5? 2^2- -2A*t 
Intercooler Out 114- U2_®2_ 12L 173 
Inlet Air Dewpoint &.Q SD*k 50.3 
Chiller Water £± JL£. &L sA 
Barometer "Hg gffP'H &I,(A2~ it. en I 2f,#rz- 
Inlet Air Restriction _H£_ -fy-gfe /4/T9 -1&.Z8 -I&1Q 
Exhaust Restriction "Hg 1^-P tons 
Boost Pres. Before IC "Hg 3ISS ?01S 

tLSl °l&\ 
3D.(?C1 -ZL.13 

Boost Pres. After IC "Hg 2- 5L31 -ZfrsS^ 2&2CL *z4~Ä^ 
Intercooler AP "H,0 Z-Z^O 30   O 3Z^ 34. n 
Oil Pressure psig J4± A± Jt± £ö_ 
Fuel Pressure psig ,1% 3£- ^JL L43 
Engine Water Pres. psig 
Hour Meter hours Z-ZQQ. Z -^2^,3 V2Q0.3 ttccA 
Tunnel Temp. °F ZZA' 
Exhaust after Cat. #2 °F /OK 

^47 <£-p2~ -Z3S 

//so 1(13 ffS7 
Intake Mani. ux ILL \Z* m. 
Exhaust before turbo IZ4BL itsn 1314 ^e\"Z 

Exhaust after Cat. #1 °F im. iitz \?\s m 
IC Coolant Supply °F 7& Ih. 2k. -24. 
Air before compressor       "H2Q 22. 22. 79 2SL 
Exh. Before Turbo psig %1>Q 
Fuel Return "H,0 ■C-6 

2221. 31 <0 3C-0 

Crankcase Vacuum "H2Q (3*k ¥< 
5-1 £dL 7-y 
* ^,Z ^.c 145- 

Main Vac. psig -m^z. zs-i.-z- z«i<z~ gff.2. 
Pe****tf ^L 
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APPENDIX D 

GRAPHS OF AVERAGE EMISSION RESULTS FOR INDIVIDUAL MODES 
AND COMPOSITE MODE 
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APPENDIX E 

SIZE-SEGREGATED PARTICULATE MASS EMISSION RESULT 
FOR INDIVIDUAL MODES 
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CDR ARMY ARMOR CTR 
ATTN:  ATSBCDML 

ATSB TSM T 
FT KNOX KY 40121-5000 

CDR ARMY QM SCHOOL 
ATTN:  ATSMPWD 
FTLEEVA 23001-5000 

CDR ARMY FIELD ARTY SCH 
ATTN:  ATSFCD 
FT SILL OK 73503 

CDR ARMY TRANS SCHOOL 
ATTN:  ATSPCDMS 
FT EUSTIS VA 23604-5000 

1 ATTN:  CSSCPMG 1 
CSSC SPS 1 

FT RUCKER AL 36362-5363 

1 CDR ARMY ABERDEEN TEST CTR 
ATTN:  STEACEN 1 

STEAC LI 1 
STEAC AE 1 
STEAC AA 1 

1 
1 

APG MD 21005-5059 

CDR ARMY YPG 
ATTN:  STEYPMTTLM 
YUMAAZ 85365-9130 

CDR ARMY CERL 
ATTN:  CECEREN 
P O BOX 9005 
CHAMPAIGN IL 61826-9005 

DIR 
AMC FAST PROGRAM 
10101 GRIDLEYRDSTE 104 
FTBELVOIRVA 22060-5818 

CDR ARMY INF SCHOOL 
ATTN:  ATSHCD 

ATSH AT 
FTBENNINGGA 31905-5000 

CDR ARMY AVIA CTR 
ATTN:  ATZQDOLM 
FT RUCKER AL 36362-5115 

CDR I CORPS AND FT LEWIS 
1 ATTN: AFZHCSS 
1 FT LEWIS WA 98433-5000 

CDR 
RED RIVER ARMY DEPOT 
ATTN:  SDSRRM 

1 SDSRR Q 
TEXARKANATX 75501-5000 

CDR ARMY ENGR SCHOOL 
ATTN:  ATSECD 
FT LEONARD WOOD 
MO 65473-5000 

PS MAGAZINE DIV 
ATTN: AMXLSPS 
DIR LOGSA 
REDSTONE ARSENAL AL 35898-7466 

CDR 6TH ID (L) 
ATTN:  APURLGM 
1060GAFFNEYRD 
FTWAiNWRIGHTAK 99703 

Department of the Navy 

OFC CHIEF NAVAL OPER 
ATTN:  DR A ROBERTS (N420) 
2000 NAVY PENTAGON 
WASHINGTON DC 20350-2000 

CDR 
NAVAL SEA SYSTEMS CMD 
ATTN:  SEA03M3 
2531 JEFFERSON DAVIS HWY 
ARLINGTON VA 22242-5160 

CDR 
NAVAL AIR WARFARE CTR 
ATTN:  CODEPE33AJD 
PO BOX 7176 
TRENTON NJ 08628-0176 

CDR 
NAVAL PETROLEUM OFFICE 
8725 JOHN J KINGMAN RD 
STE 3719 
FT BELVOIR VA 22060-6224 
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CDR 
NAVAL SURFACE WARFARE CTR 
ATTN:  CODE 63 

CODE 632 
CODE 859 

3A LEGGETT CIRCLE 
ANNAPOLIS MD 21402-5067 

CDR 
NAVAL RSCH LABORATORY 
ATTN:  CODE 6181 
WASHINGTON DC 20375-5342 

Department of the Navy/U.S. Marine Corps 

HQ USMC 
ATTN:  LPP 
WASHINGTON DC 20380-0001 

PROG MGR COMBAT SER SPT 
MARINE CORPS SYS CMD 
2033 BARNETT AVE STE 315 
QUANTICOVA 22134-5080 

PROG MGR GROUND WEAPONS 
MARINE CORPS SYS CMD 
2033 BARNETT AVE 
QUANTICOVA 22134-5080 
PROG MGR ENGR SYS 
MARINE CORPS SYS CMD 
2033 BARNETT AVE 
QUANTICOVA 22134-5080 

CDR 
MARINE CORPS SYS CMD 
ATTN:  SSE 
2030 BARNETT AVE STE 315 
QUANTICOVA 22134-5010 

CDR 
BLOUNT ISLAND CMD 
ATTN:  CODE 922/1 
5880 CHANNEL VIEW BLVD 
JACKSONVILLE FL 32226-3404 

CDR 
ATTN:  CODE 837 
814 RADFORD BLVD 
ALBANY GA 31704-1128 

CDR 
2ND MARINE DIV 
PSC BOX 20090 
CAMP LEJEUNNE 
NC 28542-0090 

CDR     1 
FMFPAC G4 
BOX 64118 
CAMP H M SMITH 
HI 96861-4118 

Department of the Air Force 

HQ USAF/LGSF 
ATTN:  FUELS POLICY 
1030 AIR FORCE PENTAGON 
WASHINGTON DC 20330-1030 

HQ USAF/LGTV 
ATTN:  VEH EQUIP/FACILITY 
1030 AIR FORCE PENTAGON 
WASHINGTON DC 20330-1030 

SA ALC/SFT 
1014 BILLY MITCHELL BLVD STE 1 
KELLY AFBTX 78241-5603 

SA ALC/LDPG 
ATTN:   D ELLIOTT 
580 PERRIN BLDG 329 
KELLY AFBTX 78241-6439 

AIR FORCE WRIGHT LAB WR ALC/LVRS 
ATTN:  WL/POS 1 225 OCMULGEE CT 

WL/POSF 1 ROBINS AFB 
1790 LOOP RDN GA 31098-1647 
WRIGHT PATTERSON AFB 
OH 45433-7103 AIR FORCE MEEP N 

OL ZC AFMC LSO/LOT PM 
201 BISCAYNE DR 
BLDG 613 STE 2 
ENGLIN AFB FL 32542-5303 
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Other Federal Agencies 

NASA 
LEWIS RESEARCH CENTER 1 
CLEVELAND OH 44135 

RAYMOND P. ANDERSON, PH.D., MANAGER 
FUELS & ENGINE TESTING 
BDM-OKLAHOMA, INC. 
220 N. VIRGINIA 
BARTLESVILLE OK 74003 

Kenneth Howden 
1000 Independence Ave., S.W. 
Washington, DC 20585-0121 

Jack Hale 
1000 Independence Ave., S.W. 
Washington, DC 20585-0121 

EPA 
AIR POLLUTION CONTROL 
2565 PLYMOUTH RD 
ANN ARBOR Ml 48105 

DOT 
FAA 
AWS110 
800 INDEPENDENCE AVE SW 
WASHINGTON DC 20590 

Steve Chalk 
1000 Independence Ave., S. W. 
Washington, D.C. 20585-0121 

John Garbok 
1000 Independence Ave., S.W. 
Washington, DC 20585-0121 

25 

Daimler-Benz AG 
Attn: Lothar Schmid 
HPC 603 
70546 Stuttgart 
Germany 

Supporting Organizations 

10 
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